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the r e l a t i o n s h i p  between f l y i n g  q u a l i t i e s  parameters and such e f f e c t s  as pre- 
c i s i o n  of path c o n t r o l ,  nap-of-the-earth (NOE) speed-a1 t i t u d e  r e l a t i o n s h i p s  
and v i s u a l  f ree t ime must be establ ished;  then the  impact of these e f f e c t s  on 
m iss ion  ef fect iveness must be assessed. 
l a t t e r  task,  us ing the  u n i t  a c t i o n  V e l i c o p t e r  A i r  Combat E f fec t i veness  Simu- 
l a t i o n ,  HACES, t o  i n t roduce  t h e  impor tant  n o n - f l y i n g  q u a l i t i e s  f a c t o r s  i n t o  
the  problem. S p e c i f i c a l l y ,  HACES i s  a Fconte Car lo  s i m u l a t i o n  t h a t  has the  
c a p a b i l i t y  t o  assess t h e  e f f e c t s  of he1 i c o p t e r  c h a r a c t e r i s t i c s ,  numbers, 
t a c t i c s  and weaponization on the  f o r c e ' s  a b i l i t y  t o  accomplish a s p e c i f i e d  
m i s s i o n  a g a i n s t  a s p e c i f i e d  t h r e a t  as a f u n c t i o n  o f  r e a l i s t i c  t a c t i c a l  f a c t o r s .  
F i r s t ,  
This program concentrated on the 
This r e p o r t  comprises t h r e e  volumes: 
VoluFe I: Pain Peport  
Volume 11: HACES - General D e s c r i p t i o n  
Volume 111: Oescr ip t i on  o f  Scenar io Elements. 
This pr imary t e c h n i c a l  volume - Volume I, descr ibes the  work performed 
and the  r e s u l t s  obtained. 
E f fec t i veness  Simulat ion,  i n c l u d i n g  the  m o d i f i c a t i o n s  t h a t  were i nco rpo ra ted  
i n t o  i t  t o  t a i l o r  i t  f o r  t h i s  study. Volume 111, a c l a s s i f i e d  volume, 
descr ibes va r ious  aspects o f  t h e  scenar ios t h a t  supplements t h e  i n f o r m a t i o n  
presented i n  Sec t i on  2 o f  t h i s  volume. 
measures o f  e f f e c t i v e n e s s  used t o  assess the  impact o f  t h e  f l y i n g  q u a l i t i e s  
e f f e c t s  considered i n  t h i s  study. 
q u a l i t i e s  parameters i nves t i ga ted ,  how they a r e  manifested, and how they were 
implemented i n t o  t h e  HACES. 
them. F i n a l l y ,  Sec t i on  5 presents t h e  conclus ions and recommendations 
emanating ou t  o f  t he  study. 
HACES t o  t a i l o r  i t  t o  t h i s  study. 
s t a t i s t i c s  s ince i t  i s  the  d e t e c t i o n  s t a t i s t i c s  tha t ,  p robab ly  more than any 
o t h e r  fac to r ,  d r i v e s  the problem. 
o f  how t o  r e l a t e  f l y i n g  q u a l i t i e s  parameters t o  task performance ( f l i g h t  path 
c o n t r o l ,  e tc . )  and then r e l a t e  t h e i r  e f f e c t s  t o  m iss ion  e f f e c t i v e n e s s ;  hence 
how t o  d i r e c t l y  r e l a t e  f l y i n g  q u a l i t i e s  parameters t o  m i s s i o n  e f fec t i veness .  
Volume I1  descr ibes the H e l i c o p t e r  A i r  Combat 
Sec t i on  2 o f  t h i s  volume descr ibes the  mission, t a c t i c s ,  scenar ios,  and 
Sect ion 3 descr ibes t h e  s p e c i f i c  f l y i n g  
Sec t ion  4 presents  the  r e s u l t s  and an a n a l y s i s  o f  
Appendix A descr ibes t h e  s p e c i f i c  m o d i f i c a t i o n s  t h a t  were made t o  the 
Appendix B presents a s e t  o f  d e t e c t i o n  
F i n a l l y ,  Appendix C presents an example 
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SECTION 1 
INTRODUCTION 
This  r e p o r t  has been prepared i n  f u l f i l l m e n t  o f  Contract  Po. FJAS-2-1117p 
w i t h  t h e  Aeromechanics Laboratory,  U.S. Army Research and Technology Labora- 
t o r i e s  o f  t he  U.S. Army A v i a t i o n  Research and Development Command, t o  assess 
t h e  impact o f  f l y i n g  q u a l i t i e s  on m iss ion  e f fec t i veness .  
t h e  s tudy was t o  d i r e c t l y  r e l a t e  the e f f e c t s  o f :  
The o b j e c t i v e  of 
a. 
b. c o n t r o l  power, and 
c. p i l o t  workload 
p r e c i s i o n  o f  f l i g h t  path c o n t r o l  
on t h e  a b i l i t y  o f  a s i n g l e  Scout h e l i c o p t e r ,  o r  h e l i c o p t e r  team, t o  success- 
f u l l y  accomplish a s p e c i f i e d  ant i -armor miss ion.  
I n  o rde r  t o  r e a l i s t i c a l l y  determine the  e f f e c t s  o f  h e l i c o p t e r  s t a b i l i t y  
and c o n t r o l  f a c t o r s  on the  a b i l i t y  t o  perform s p e c i f i c  tasks, we l l  s t r u c t u r e d  
programs u s i n g  nan- in- the- loop s imu la to rs  a r e  reau i  red. Powever, t o  r e a l  i s -  
t i c a l l y  assess m iss ion  ef fect iveness,  many f a c t o r s  i n  a d d i t i o n  t o  f l y i n g  
q u a l i t i e s  must be considered. These f a c t o r s  i nc lude :  
a. t he  scenar io,  which comprises f o r c e  s i z e  and composi t ion,  t e r r a i n ,  
a v a i l a b l e  ccver, t a rge ts ,  surface defenses and m iss ion  
b. h e l i c o p t e r  performance, s u r v i v a b i l i t y  systems, f i r e  c o n t r o l  systems 
and weapons 
c .  d e t e c t a b i l i t y  parameters such as h e l i c o p t e r  s i ze ,  c o n t r a s t ,  motion, 
t a c t i c s ,  sensors, weather and t ime  a v a i l a b l e  f o r  t h e  crew t o  search. 
Because t h e r e  a r e  so many fac to rs ,  and because t h e r e  a r e  so many i n t e r -  
a c t i o n s  between them, no p a r t i c u l a r  f a c t o r  o r  aspect o f  t h e  t o t a l  scenar io  can 
be modeled i n  g r e a t  d e t a i l .  S p e c i f i c a l l y ,  t o  use a ve ry  h i g h  f i d e l i t y  model 
of a h e l i c o p t e r ,  i n c l u d i n g  i t s  f l i g h t  c o n t r o l  system and p i l o t  dynamics, would 
r e s u l t  i n  a l a r g e  and complex computer s i m u l a t i o n  t h a t  would be d i f f i c u l t  t o  
develop and expensive t o  run. Thus, t h e r e  i s  a r e a l  problem i n  d i r e c t l y  
r e l a t i n g  s p e c i f i c  h e l i c o p t e r  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s ,  o r  f l y i n g  
q u a l i t i e s  s u i t a b i l i t y  f o r  s p e c i f i c  tasks,  t o  o v e r a l l  m iss ion  e f fec t i veness .  
Yet such r e l a t i o n s h i p s  should be e s t a b l i s h e d  t o  a s s i s t  f l y i n g  q u a l i t i e s  
s p e c i a l i s t s  i n  d e f i n i n g  proper  c r i t e r i a .  
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SECTION 2 
MISSION,  SCENARIOS AtJD MEASURES OF EFFECTIVENESS 
. 
2.1 GENERAL SCENARIO 
The m iss ion  o f  t h e  Blue Force i s  t o  a t t a c k  t h e  Advance Guard o f  a Motor- 
The i z e d  R i f l e  D i v i s i o n  moving through t h e  Fulda Gap area o f  Centra l  Europe. 
Blue Force, which comprises Scout and A t tack  h e l i c o p t e r ,  has as pr imary 
t a r g e t s  the  tanks and BMPs which a re  defended by armed h e l i c o p t e r s ,  SAMs and 
AAA. 
w i t h  a near f u t u r e  t ime frame and a re  descr ibed i n  Volume 111. 
The scenar io  i s  based on t h e  f o l l o w i n g  p r i n c i p l e s  which a r e  to:  
a. Be r e a l i s t i c ,  bu t  n o t  o v e r l y  complex - a u n i t  a c t i o n  
b. Analyze a s t r e s s f u l  combat engagement t h a t  demands f u l l  h e l i c o p t e r  
c a p a b i l i t y  f o r  miss ion accomplishment 
c. Employ r e a l i s t i c ,  b u t  simple, t a c t i c s  
d .  F l y  the  m iss ion  t o  a p o i n t  where the  impact o f  a l l  f l y i n g  q u a l i t i e s  
A1 1 he1 i c o p t e r s ,  weapons, sensors, and t h r e a t  defenses a re  compatible 
parameters w i l l  be manifested and p r a c t i c a l  measures o f  e f f e c t i v e -  
ness can be obtained, then terminate.  
Ensure t h a t  t h e  d r i v i n g  f a c t o r s  o f  nap-of- the-earth (NOE) f l i g h t  and 
hover c a p a b i l i t y ,  a b i l i t y  t o  detect ,  s u s c e p t i b i l i t y  t o  d e t e c t i o n  and 
f i r e ,  and t h e  a b i l i t y  t o  e f f e c t i v e l y  employ a i r - t o -g round  and a i r -  
t o - a i r  weapons a re  accounted f o r .  
e. 
The area o f  ope ra t i ons  i s  l oca ted  j u s t  n o r t h  o f  t he  town o f  Fulda, and 
south o f  Bad Hersfe ld ,  as i n d i c a t e d  i n  F igure 2-la. F igu re  2 - l b  h i g h l i g h t s  
t h e  topography, i n c l u d i n g  a t y p i c a l  cross sect ion,  o f  t h e  area as modeled i n  
t h e  HACES s imu la t i on .  
The Advance Guard o f  t h e  Motor ized R i f l e  D i v i s i o n ,  comprises tanks, BMPs, 
BRDMs, s e l f - p r o p e l  l e d  a r t i l l e r y  and t rucks ,  moving g e n e r a l l y  west through t h e  
area. The column has organic  AAA and SAM. Armed h e l i c o p t e r s  a r e  i n  support.  
F igure 2-2 d e p i c t s  the  o r g a n i z a t i o n  of t h i s  force.  
p o s i t i o n  where they can observe the  advance force,  then have t h e  Scouts c a l l  up 
and d i r e c t  t he  f i r e s  o f  t h e  A t tack  h e l i c o p t e r s  a g a i n s t  t h e  a m o u r  ( tanks 
and BMPs). 
The t a c t i c s  s imulated i s  f o r  t h e  Blue Force t o  f i r s t  move t h e  Scouts t o  a 
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F igu re  2-2. Organ iza t ion  o f  Forces 
2.2 SPECIFIC SCENARIOS 
The f o l l o w i n g  t h r e e  scenar ios were simulated: 
a. Scenario 1: The Advance Guard o f  a Motor ized  R i f l e  D i v i s i o n  were 
moving a long a r t e r i a l  highways t o  the  nor th -nor thwest  extending a 
d i s tance  o f  approx imate ly  ten  k i l omete rs  a t  a r a t e  o f  advance o f  
approx imate ly  40 Km/hr. The Blue h e l i c o p t e r  force,  compr is ing two 
Scouts and t w o  A t tack  he l i cop te rs ,  working i n  sec t ions ,  approached 
t h e  area o f  opera t ions  from the  south-southwest i n  NOE f l i g h t  
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t o  s u r v e i l l a n c e  p o s i t i o n s  behind the  two prominent h i l l  masses. 
F igu re  2-3 shows the  d i s p o s i t i o n  of forces. Atmospheric c o n d i t i o n s  
were r e p r e s e n t a t i v e  o f  a d u l l  hazy day w i t h  5 KJ4 v i s i b i l i t y .  
b. Scenar io 2: The composi t ion of forces i s  the same as Scenario 1, 
however, t h e  e n t i r e  Advance Guard had rounded the  h i l l s  south of 
E i t e r f e l d  and were proceeding west-southwest toward Steinbach a t  a 
r a t e  o f  advance of approx imate ly  40 Km/hr. I n  t h i s  scenar io,  t he  
Blue h e l i c o p t e r s  a t tacked  from the  north-west and had t o  cross 
approx imate ly  f o u r  k i l omete rs  o f  r e l a t i v e l y  f l a t  t e r r a i n  t o  reach 
good obse rva t i on  po in ts .  
range o f  t h e  Advance Guard. The l o c a t i o n  o f  a l l  t h r e a t  elements, and 
the  t r a c k s  f lown by the  Blue h e l i c o p t e r s  a re  presented i n  F igure 2-4. 
Atmospheric c o n d i t i o n s  were as f o r  Scenar io 1. 
c. Scenar io 3: The l o c a l e  i s  the same as Scenario 2, however, t h e  
Advance Guard and Blue h e l i c o p t e r  were reduced i n  numbers. The 
Blue f o r c e  comprised one Scout and one At tack h e l i c o p t e r ,  w h i l e  t h e  
Red f o r c e  comprised f i v e  tanks/Bk?Ps defended by one SAM, one AAA 
and one armed h e l i c o p t e r .  The l o c a t i o n  o f  a l l  t h r e a t  elements, 
and t h e  t r a c k  f lown by the  Scout a re  presented i n  F i g u r e  2-5. 
Atmospheric c o n d i t i o n s  were r e p r e s e n t a t i v e  o f  those l a t e  on a d u l l  
hazy day, w i t h  5 KM v i s i b i l i t y .  
These observat ion p o i n t s  were w i t h i n  ATCM 
The study employed these t h r e e  scenar ios t o  determine t h e  e f f e c t  o f  f l y i n g  
q u a l i t i e s  on m iss ion  e f f e c t i v e n e s s  w i t h  r e p r e s e n t a t i v e  s i z e  u n i t s  when a t t a c k -  
i n g  under i d e a l  c o n d i t i o n s  (Scenar io  l ) ,  t o  determine the  e f f e c t  o f  f l y i n g  
q u a l i t i e s  on m iss ion  e f f e c t i v e n e s s  w i t h  r e p r e s e n t a t i v e  s i z e  u n i t s  when a t t a c k -  
i n g  under more d i f f i c u l t  c o n d i t i o n s  (Scenar io  Z), and t o  determine t h e  e f f e c t  
o f  f l y i n g  q u a l i t i e s  on m iss ion  e f f e c t i v e n e s s  when a t t a c k i n g  under d i f f i c u l t  
c o n d i t i o n s  w i t h  a smal l  number o f  u n i t s  (Scenar io  3) .  Reducing the  number o f  
u n i t s  reduced t h e  number o f  i n t e r a c t i o n s ,  hence g i v i n g  a l e s s  complex p i c t u r e  
of t he  r e l a t i o n s h i p  between f l y i n g  q u a l i t i e s  and m iss ion  e f f e c t i v e n e s s .  
2.3 CONCEPT OF OPERATIOF!S 
The Blue f o r c e  s imulated one o r  two sec t i ons  o f  Scout and A t tack  h e l i -  
copters  working i n  concer t  as descr ibed above. 
v e i l l a n c e  f u n c t i o n  o f  searching the  area o f  operat ions,  d e t e c t i n g  ta rge ts ,  
The Scouts performed the  sur-  
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des ignat ing  t a r g e t s  and d i r e c t i n g  the  f i r e s  of t he  At tack  h e l i c o p t e r ( s ) .  
purpose o f  the  s tudy was centered about the  Scout 's  a b i l i t y  t o  per form these 
tasks  as a f u n c t i o n  o f  i t s  f l y i n g  q u a l i t i e s .  It was assumed t h a t  the  At tack  
he1 i c o p t e r ( s )  cou ld  remain w e l l  hidden throughout  the mission, and respond 
t o  i n d i r e c t  f i r e  commands from the  Scout(s) .  The a t t a c k  h e l i c o p t e r s  were 
the re fo re  no t  s imulated f o r  observat ion,  j u s t  f o r  f i r epower  e f f e c t s .  
F igure  2-6 p resents  a nominal miss ion  p r o f i l e  which a l l ows  f o r  low 
l e v e l ,  contour  and NOE f l i g h t  near the  area o f  opera t ions  (AO). 
s tudy was scoped t o  i n v e s t i g a t e  the  e f fec t  o f  f l y i n g  q u a l i t i e s  near the  area 
of operat ions,  o n l y  t h e  NOE and hover ( i n  the  area o f  ope ra t i ons )  p o r t i o n s  of 
such a m iss ion  were simulated. Nap-of-the-earth (NOE) f l i g h t ,  which i s  appro- 
p r i a t e  f o r  t h e  miss ion  simulated, i s  de f ined as f l i g h t  as c lose  t o  the  e a r t h ' s  
sur face as vege ta t i on  o r  obs tac les  w i l l  permi t ,  w h i l e  g e n e r a l l y  f o l l o w i n g  
contours o f  t he  ear th .  
t e r r a i n ,  weather, and enemy s i tua ton .  
operat ion,  based upon known t e r r a i n  features,  which has a l o n g i t u d i n a l  a x i s  
p o i n t i n g  toward h i s  o b j e c t i v e .  
devious r o u t e  w i t h i n  h i s  pre-planned c o r r i d o r  w h i l e  remaining o r i e n t e d  a long 
h i s  general a x i s  o f  movement i n  o rde r  t o  take maximum advantage o f  t he  cover 
and concealment a f f o r d e d  by the  t e r r a i n ,  vegetat ion,  and man-made fea tures .  
By g a i n i n g  maximum cover  and concealment from enemy de tec t i on ,  observat ion,  
and f i repower ,  FlOE f l i g h t  e x p l o i t s  s u r p r i s e  and a l l ows  f o r  evas ive  a c t i o n  and 
avoidance o f  t h r e a t  weapons systems. 
The 
Since t h i s  
Airspeed and a l t i t u d e  are  va r ied  as i n f l uenced  by the  
The p i l o t  preplans a broad c o r r i d o r  o f  
I n  f l i g h t ,  t he  p i l o t  uses a weaving and 
LOW LEVEL 
CONTOUR 
NOE 
AREA OF 
OPERATIONS 
(A01 
2 
2 
F igu re  2-6. Nominal M iss ion  P r o f i l e  
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The s imu la t i ons  covmenced a t  a p o i n t  where t h e r e  was a f i n i t e  p r o b a b i l i t y  
o f  being detected and each e v a l u a t i o n  ( r u n )  ended when one o f  t he  f o l l o w i n g  
c o n d i t i o n s  were met: 
a. t h e  Scouts reached t h e i r  observat ion p o i n t s  and had hovered there 
b. 
c. a l l  tanks and BMPs were destroyed 
d. t h e  Scouts were k i l l e d .  
The s p e c i f i c  r u l e s  of engagements were as f o l l o w s :  
f o r  two minutes 
the  At tack h e l i c o p t e r s  f i r e d  a l l  t en  o f  t h e i r  a n t i - t a n k  m i s s i l e s  
( ATGMs ) 
a. 
b. 
C. 
d. 
e. 
The Scouts f l e w  contour  t o  the  p o i n t s  where they emerged from behind 
masking t e r r a i n  then f l e w  ROE t o  t h e i r  obse rva t i on  po in ts .  
The Scouts were sub jec t  t o  v i s u a l  d e t e c t i o n  by t h e  Red h e l i c o p t e r s ,  
and t o  rada r  d e t e c t i o n  by t h e  SAW and AAA u n i t s .  If detected by the  
SAMs o r  AAA, they were f i r e d  upon when w i t h i n  range. If detected 
by t h e  Red h e l i c o p t e r s ,  t h e  Red h e l i c o p t e r s  a t tacked  and f i r e d  t h e i r  
two a i r - t o - a i r  m i s s i l e s .  
A1 though d e t e c t i o n  s t a t i s t i c s  were computed f o r  t h e  tanks/BMPs vs 
t h e  Scout(s) ,  they were n o t  employed i n  the  engagement l o g i c  t o  have 
t h e  tanks take cover, f i r e  upon the  Scout(s)  o r  t o  r e l a y  a d e t e c t i o n  
t o  the  defens ive u n i t s .  
The Scouts cou ld  o n l y  be engaged by t h e  SAMs, AAA and armed h e l i -  
copters .  b lh i le  t h e r e  was i n t e r - u n i t  communications between t h e  
ground defense elements (SAMs and AAA),  no communication between 
he1 i c o p t e r s  and ground u n i t s  was simulated. Communication between 
t h e  SAM and AAA u n i t s  was s imulated through a command and c o n t r o l  
s t r u c t u r e  i n  which a l l  t a r g e t s  a re  p r i o r i t i z e d  and assigned t o  
s p e c i f i c  u n i t s  accord ing t o  p r i o r i t i z a t i o n .  
t he  h e l i c o p t e r s  was s imulated by l o g i c  which increased the  proba- 
b i l i t y  o f  a l l  h e l i c o p t e r s  i n  a team making a d e t e c t i o n  i f  one o f  
t he  team members makes a de tec t i on .  S p e c i f i c a l l y ,  i t  i s  assumed 
t h a t  t he  o t h e r  team members w i l l  be t o l d  where t o  look.  
I n  Scenarios 1 and 2 ,  f o u r  SAF and f o u r  AAA u n i t s  were a c t u a l l y  
considered t o  be i n  the  force,  moving i n  a l eap - f rogg ing  manner, 
w i t h  o n l y  two u n i t s  o f  each i n  p o s i t i o n  t o  f i r e  a t  any g iven t ime. 
Communication between 
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The Blue a t t a c k  he1 i c o p t e r s  maneuvered and pos i t i oned  themselves f o r  
a t t a c k  i n  such a manner t h a t  they were no t  sub jec t  t o  de tec t i on .  
When a Scout reached i t s  observa t ion  po in t ,  i t  designated any 
t a r g e t s  de tec ted  t o  permi t  i n d i r e c t  f i r e  from i t s  accompanying 
At tack  he1 i c o p t e r .  Twenty seconds was a1 l oca ted  t o  des ignate and 
per form a l l  i n d i r e c t  f i r e  c o n t r o l  func t ions .  
Each Scout cont inued t o  search f o r  t a r g e t s  and d i r e c t  f i r e  from i t s  
observa t ion  p o i n t  f o r  two minutes. 
The Scouts were sub jec t  t o  bo th  a i r - t o - a i r  and s u r f a c e - t o - a i r  f i r e  
a t  a l l  t imes w i t h o u t  f i r i n g  back (unarmed) o r  t a k i n g  evas ive a c t i o n  
(avo id  b reak ing  l o c k ) .  
If a Scout was k i l l e d ,  a l l  the  m i s s i l e s  associated w i t h  the  accom- 
panying At tack  h e l i c o p t e r  were considered l o s t ,  i n c l u d i n g  those i n  
f l i g h t  a t  the  t ime the  Scout was k i l l e d .  
The At tack  he1 i c o p t e r s  c a r r i e d  10 ATGMs. 
Although the  tanks and BtlPs were the  p r i n a r y  ta rge ts ,  t he  SAM and 
AAA u n i t s  were a t tacked f i r s t  t o  suppress the  defenses. 
The Blue and Red a i r  team d e t e c t i o n  l o g i c  was such t h a t  i f  one 
member o f  a team detec ted  an opponent, the p r o b a b i l i t y  o f  the  
o t h e r  team member making a d e t e c t i o n  was increased by a f a c t o r  o f  
two. 
t i o n  on t o  the  o t h e r  team member. 
This  was t o  s imu la te  the  d e t e c t i n g  u n i t  pass ing the  i n f o n a -  
The p r o b a b i l i t y  o f  avo id ing  de tec t i on ,  hence p r o b a b i l i t y  of s u r v i v a l ,  was 
d i r e c t l y  r e l a t e d  t o  t h e  a b i l i t y  t o  f l y  c lose  t o  t h e  ground w h i l e  approaching 
the observa t ion  p o i n t  and i n  be ing ab le  t o  hover p r e c i s e l y  w h i l e  a t  t h e  
ohse rva t i on po i  n t . 
2.4 MEASURES OF EFFECTIVENESS 
Several measures o f  e f f e c t i v e n e s s  were used i n  ana lyz ing  the  data. The 
bas ic  ones, r e l a t i n g  d i r e c t l y  t o  m iss ion  e f fec t i veness ,  were: 
a. p r o b a b i l i t y  o f  t he  Scout (s )  g e t t i n g  k i l l e d / s u r v i v i n g  
b. number o f  enemy veh ic les  k i l l e d  i n c l u d i n g  tanks, BMPs, AAA and SAMs 
c. exchange r a t i o :  number o f  veh ic les  k i l l e d  d i v i d e d  by the  number o f  
Scouts k i l l  ed 
2-10 
K i l l s  were computed by drawing a random number a g a i n s t  a p r o b a b i l i t y  of 
k i l l  from e i t h e r  a m i s s i l e  o r  a b u r s t  of AAA f i r e .  
AAA f i r e  r e s u l t e d  i n  a p r o b a b i l i t y  o f  k i l l  (based on range, v u l n e r a b l e  area, 
t a r g e t  maneuvers) o f  0.2, a random number between 0 and 1.0 was drawn aga ins t  
t h a t  number. I f  the  number drawn was 0.2 o r  l ess ,  the u n i t  was k i l l e d  and 
removed from the problem. I f  the number drawn was g r e a t e r  than 0.2, the u n i t  
su rv i ved  and was sub jec t  t o  f u r t h e r  f i r e .  
Although i n  a l l  cases the  trends were as expected, under some cond i t i ons  
t h e  e f f e c t s  were n o t  ve ry  pronounced o r  were very non - l i nea r .  
i n s i g h t  i n t o  such phenomena, some hasic  d e t e c t i o n  s t a t i s t i c s  were a l s o  
examined; s p e c i f i c a l l y ,  t h e  p r o b a b i l i t y  o f  d e t e c t i o n  between the  f o l l o w i n g  
elements i n  Scenar io 3: 
For example, i f  a b u r s t  of 
To o b t a i n  
a. Scout vs Red H e l i c o p t e r  
b. Red H e l i c o p t e r  vs Scout 
c. Scout vs Tanks/Pl"Ps 
d. Tanks/BtfPs v s  Scout. 
The d e t e c t i o n  o f  a l l  u n i t s  i s  a f u n c t i o n  o f  range, macro- and micro- 
t e r r a i n ,  t a r g e t  and observer he igh t ,  v i s i b i l i t y ,  s ize,  c o n t r a s t ,  scan sector,  
g l impse ra te ,  mot ion and numbers, as descr ibed i n  Volume 11. 
values o f  each parameter p e r t a i n i n g  t o  each u n i t  a re  s p e c i f i e d  i n  Volume 111. 
The h e l i c o p t e r s ,  AAA and SAM u n i t s  were considered t o  be s u f f i c i e n t l y  spread 
o u t  t h a t  t hey  were t r e a t e d  as separate u n i t s  i n  computing d e t e c t i o n  
s t a t i s t i c s .  The s i x t e e n  tanks and BMPs o f  Scenarios 1 and 2 were i n  forma- 
t i o n s  o f  two, f i v e  and nine. 
detected. The f i v e  tanks and BPPs were considered as separate u n i t s  i n  the  
very poor l i g h t i n g  c o n d i t i o n s  o f  Scenario 3. 
To o b t a i n  f u r t h e r  i n s i g h t  i n t o  t h e  engagenent outcomes, severa l  i n t e r -  
mediate measures o f  e f f e c t i v e n e s s  were considered. These inc luded :  
a. t h e  p r o b a b i l i t y  o f  e i t h e r  Scout be ing detected by t h e  Red 
he1 i c o p t e r s  
b. t h e  average t ime from the  s t a r t  of t he  problem a t  which the Scouts 
were detected by t h e  Red he1 i c o p t e r s  
t h e  p r o b a b i l i t y  o f  a Scout be ing k i l l e d  by a Red h e l i c o p t e r  
t he  average t ime (from the  s t a r t  of t h e  problem) a t  which t h e  Scouts 
were k i  11 ed by t h e  Red he1 i c o p t e r s  
The s p e c i f i c  
Thus a format ion,  n o t  a s i n g l e  u n i t ,  was 
c. 
d. 
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e. t h e  average t ime a t  which the  Scouts were k i l l e d  by any t h r e a t  
element (SAMs, AAA o r  h e l i c o p t e r s )  
t h e  p r o b a b i l i t y  of t he  Scouts d e t e c t i n g  t h e  tanks/BMPs 
the  average t ime a t  which t h e  Scouts detected the  tanks/BMPs 
the average number o f  tanks/BMPs k i l l e d .  
f. 
g. 
h. 
Obviously n o t  a l l  o f  these in te rmed ia te  measures o f  e f f e c t i v e n e s s  were o f  
s i g n i f i c a n c e  under a l l  cond i t i ons ,  
f l y i n g  qual i t i e s  on m iss ion  e f f e c t i v e n e s s  have been presented. 
Only those which c l a r i f y  t he  impact o f  
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SECTION 3 
IMPACT OF FLYING QUALITIES or4 
FLIGHT PATH CONTROL AND PILOT WORKLOAD 
3.1 OPERATIONAL CONSIDERATIONS 
Two s i g n i f i c a n t  tasks f o r  t h e  Scout h e l i c o p t e r  a re  s u r v e i l l a n c e  ( t a r g e t s  
detected, i d e n t i f i e d  and p i n p o i n t e d )  and d i r e c t i n g  i n d i r e c t  f i r e  (des ignat ion,  
coo rd ina t i on ,  e t c . ) .  F l y i n g  q u a l i t i e s  have an e f f e c t  on t h e  a b i l i t y  o f  a crew 
t o  perform both o f  these tasks.  
a f f e c t s  the a b i l i t y  t o  perform these tasks. 
v i s u a l  f r e e  t ime  a v a i l a b l e  because of poor f l y i n g  q u a l i t i e s ,  t h e  l e s s  t ime 
the re  w i l l  be f o r  t he  s u r v e i l l a n c e  funct ion,  and thus perhaps poorer  m iss ion  
performance. S i m i l a r l y ,  t h e  more d i f f i c u l t  the h e l i c o p t e r  i s  t o  f ly ,  t h e  
heavier  t he  man ipu la t i ve  workload, and the l ess  f r e e  t ime f o r  weapon c o n t r o l .  
Poor f l y i n g  q u a l i t i e s  can force a p i l o t  t o  f l y  a t  a h ighe r  a l t i t u d e  w i t h  the  
at tendant  increased r i s k  of being detected and shot  down. On the o t h e r  hand, 
a p i l o t  may choose n o t  t o  take t h e  r i s k  of f l y i n g  a t  a h i g h e r  a l t i t u d e ,  thus 
the poor f l y i n g  q u a l i t i e s  coupled w i t h  the  low a l t i t u d e  w i l l  n o t  pe rm i t  su f -  
f i c i e n t  f r e e  t ime  t o  devote t o  s u r v e i l l a n c e  and weapon c o n t r o l ,  thus reducing 
the  p r o b a b i l i t y  o f  m iss ion  success. 
m iss ion  i s  performed are:  
f l i g h t  pa th  c o n t r o l  p rec i s ion ;  i n  t h a t  i t  impacts on speed /a l t i t ude  
f lown, 
a b i l i t y  t o  perform s u r v e i l l a n c e  and weapon c o n t r o l  f unc t i ons .  
For example, workload, which i s  a func t i on  o f  f l y i n g  q u a l i t i e s ,  d i r e c t l y  
S p e c i f i c a l l y ,  if t h e r e  i s  l e s s  
I n  summary, two impor tan t  f ac to rs  t h a t  may have an impact on how w e l l  a 
1. 
2. workload; b o t h  v i s u a l  and manipulat ive,  i n  t h a t  i t  impacts on t h e  
3.2 FLIGHT PATH CONTROL 
The a b i l i t y  o f  a p i l o t  t o  f l y  a des i red  f l i g h t  path o r  t o  hover a t  a 
c e r t a i n  th ree  dimensional l o c a t i o n  i s  determined by p r e c i s i o n  o f  f l i g h t  pa th  
c o n t r o l  and c o n t r o l  power. The m a n i f e s t a t i o n  of poor f l i g h t  pa th  c o n t r o l  i s  
t h a t  a p i l o t  cannot f l y  o r  hover i n  a p o s i t i o n  t h a t  opt imizes h i s  c a p a b i l i t y  
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t o  t r a n s i t  and/or t o  observe, w h i l e  m in im iz ing  h i s  own p r o b a b i l i t y  o f  detec- 
t i o n .  Three s p e c i f i c  f a c t o r s  were i n v e s t i g a t e d :  
a. p r e c i s i o n  o f  l o n g i t u d i n a l  c o n t r o l  i n  forward f l i g h t  
b. p r e c i s i o n  o f  l a t e r a l  c o n t r o l  i n  forward f l i g h t  
c. p r e c i s i o n  o f  h e i g h t  c o n t r o l  i n  hover. 
3.2.1 P r e c i s i o n  of  L o n g i t u d i n a l  F1 i q h t  Path Con t ro l  
The p r imary  impact o f  p r e c i s i o n  of l o n g i t u d i n a l  f l i g h t  path c o n t r o l ,  be 
i t  because o f  s t a b i l i t y  o r  c o n t r o l  power fac to rs ,  i s  i n  a l t i t u d e  h o l d i n g  
c a p a b i l i t y .  
i s t i c s  and h e l i c o p t e r  a g i l i t y ,  t he re  i s  a d i r e c t  r e l a t i o n s h i p  betweeen speed 
and a l t i t u d e .  
t e r r a i n  a l l  tend t o  f o r c e  the  h e l i c o p t e r  t o  f l y  h ighe r  as speed i s  increased 
as i n d i c a t e d  i n  F i g u r e  3-1. 
f l y i n g  q u a l i t i e s .  
g i v e s  t h e  p i l o t  a s u f f i c i e n t  margin o f  e r r o r  such t h a t  he w i l l  always c l e a r  
a l l  t e r r a i n  fea tu res  over which he i s  f l y i n g .  Th is  "margin o f  e r r o r "  i s  
determined by many fac to rs ,  one o f  t h e  f o r e n o s t  be ing f l y i n g  q u a l i t i e s .  
i f  t h e  f l y i n g  q u a l i t i e s  a re  b e t t e r  than nominal, t he  p i l o t  can f l y  a t  a lower  
average a l t i t u d e  a t  any speed w h i l e  s t i l l  r e t a i n i n g  t h e  same l e v e l  o f  sa fe ty .  
Conversely, i f  t h e  f l y i n g  q u a l i t i e s  a re  poorer  than nominal, t he  p i l o t  must 
f l y  h i g h e r  t o  m a i n t a i n  t h e  same l e v e l  o f  sa fe ty ,  a l l  o t h e r  f a c t o r s  be ing 
eaual . 
More s p e c i f i c a l l y ,  i n  NOE f l i g h t ,  f o r  g i ven  t e r r a i n  character-  
Basic physics,  human response t ime and t h e  na tu re  o f  micro-  
The curve i n  F igu re  3-1  i s  predicated upon a c e r t a i n  nominal l e v e l  o f  
The average a l t i t u d e  f o r  any g i ven  speed i s  t h a t  which 
Thus, 
3.2.2 P r e c i s i o n  o f  L a t e r a l  Con t ro l  i n  Forward F l i g h t  
NOE f l i g h t  r e q u i r e s  a g r e a t  deal o f  l a t e r a l  maneuvering t o  avo id  micro- 
t e r r a i n  fea tu res  being used f o r  cover. As a general  r u l e ,  t h e  c l o s e r  t o  the  
ground t h e  h e l i c o p t e r  f l i e s  t h e  g r e a t e r  the number o f  m i c r o - t e r r a i n  features,  
so more maneuvering i s  requ i red .  I f  e i t h e r  because o f  poor roll c o n t r o l  
power, o r  l a c k  o f  p r e c i s i o n  o f  l a t e r a l  c o n t r o l ,  t h e  h e l i c o p t e r ' s  l a t e r a l  
maneuverab i l i t y  i s  degraded, then i t  w i l l  be fo rced  t o  f l y  h i g h e r  t o  reduce 
maneuvering reauirements i f  i t  i s  t o  m a i n t a i n  t h e  same speed. Thus, t h e  
r e s u l t  i s  t h e  same as w i t h  poor l o n g i t u d i n a l  p r e c i s i o n  o f  c o n t r o l ,  s p e c i f -  
i c a l l y ,  t h e  h e l i c o p t e r  i s  f o rced  t o  f l y  h ighe r  making i t  more vu lne rab le  t o  
d e t e c t i o n  and f i r e .  
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F igu re  3-1. F!OE Speed/Al t i t u d e  R e l a t i o n s h i p  
3.2.3 P r e c i s i o n  o f  A l t i t u d e  Control  i n  Hover 
observed. Thus c o n t r o l  along, and about, a l l  t h r e e  axes i s  c r i t i c a l ,  b u t  none 
more c r i t i c a l  than t h a t  o f  h e i g h t  c o n t r o l .  S p e c i f i c a l l y ,  t h e  Scout must 
unmask t o  t h e  degree t h a t  h i s  observat ion dev i ce (s )  (eyes, mast mounted s i g h t ,  
e t c . )  a r e  exposed, b u t  no more. For example, t h e  purpose o f  a mast mounted 
s i g h t  (MMS) i s  t o  pe rm i t  t h e  h e l i c o p t e r  t o  remain almost t o t a l l y  masked w h i l e  
s t i l l  be ing ah le  t o  ohserve. If, however, i t s  hover s t a t i o n  keeping capa- 
b i l i t y  i s  so poor t h a t  l a r g e  h e i g h t  excursions occur,  many o f  the b e n e f i t s  of 
t h e  W S  a r e  l o s t .  
break l o c k  and any m i s s i l e  i n  f l i g h t  may be l o s t .  
l a r g e r  area w i l l  be exposed, making i t  more s u s c e p t i b l e  t o  d e t e c t i o n  and f i r e .  
A t  an ohse rva t i on  p o i n t ,  a Scout wishes t o  observe w i t h o u t  be ing 
I f  i t  descends t o o  f a r  w h i l e  des igna t ing  a t a r g e t ,  i t  may 
I f  i t  c l imbs t o o  high, a 
3.3 WORKLOAD 
blorkload c o n s i s t s  o f  several  types o f  a c t i v i t i e s  -- v i s u a l ,  manipulat ive,  
o r a l / a u d i t o r y  and c o g n i t i v e .  
a r e  l i s t e d  i n  Table 3-1. Most o f  then! r e q u i r e  a l l  f o u r  o f  t h e  workload 
a c t i v i t i e s .  
Some tasks associated w i t h  m iss ion  performance 
I f  we d e f i n e  V isua l  Free Time (VFT) as the  percentage o f  t ime  
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t h a t  i s  used t o  perform those tasks and subtasks u n r e l a t e d  t o  c o n t r o l  of the 
h e l i c o p t e r ,  b u t  which c o n t r i b u t e  t o  the performance o f  t h e  mission, i t  i s  
reasonable t o  assume t h a t  by improving f l y i n g  q u a l i t i e s  VFT would be 
increased, thus g i v i n g  the p i l o t  more t ime t o  b e t t e r  perform n o n - f l y i n g  tasks. 
Depending on the  t h r e a t ,  t h e  tendency w i l l  probably be t o  g r a v i t a t e  toward 
t h a t  combination o f  VFT, speed, and a l t i t u d e ,  which w i l l  r e s u l t  i n  the l e a s t  
p r o b a b i l i t y  of g e t t i n g  k i l l e d ,  regard less o f  the VFT. 
This could have a s i g n i f i c a n t  impact on m iss ion  e f f e c t i v e n e s s  s ince VFT 
d i r e c t l y  impacts on t h e  p i l o t ' s  a b i l i t y  t o  d e t e c t  t h rea ts ,  hence avoid them; 
t o  be detected by th rea ts ,  hence f i r e d  upon by them; and t o  d e t e c t  and iden- 
t i f y  ta rge ts ,  hence d i r e c t  f i r e  on them. Thus, t o  r e l a t e  workload t o  m iss ion  
e f f e c t i v e n e s s  it, i s  assumed t h a t  increased workload w i l l  reduce VFT, and hence 
VFT was v a r i e d  i n  t h i s  s i m u l a t i o n  t o  determine the r e s u l t i n g  e f f e c t s  on 
miss ion e f f e c t i v e n e s s .  
3.4 IMPACT ON TASK PERFOPMANCE 
A s  can be seen from the  preceding discussions, f o r  NOE f l i g h t ,  as f l y i n g  
q u a l i t i e s  degrade the  p i l o t  must e i t h e r  f l y  h igher ,  f l y  slower o r  work harder, 
reduc ing  t ime a v a i l a b l e  t o  perform o t h e r  m iss ion  func t i ons .  
compensate f o r  degraded f l y i n g  q u a l i t i e s  i n  the  above ways e i t h e r  indepen- 
d e n t l y  o r  i n  combination. 
f l y i n g  q u a l i t i e s  could f l y  a l i t t l e  higher,  a l i t t l e  slower, and devote more 
a t t e n t i o n  t o  h i s  f l y i n g ,  reducing VFT. 
f e s t  themselves i n  the  f o l l o w i n g  f o u r  ways: 
C lea r l y ,  he can 
For example, a p i l o t  f l y i n g  NOE w i t h  degraded 
F o r  t h e  purposes o f  t h i s  study, f l y i n g  q u a l i t i e s  a re  considered t o  mani- 
a. Determine t h e  bas i c  NOE h e i g h t  a t  which a h e l i c o p t e r  can f l y  a t  a 
g i ven  speed. This  i s  p r i m a r i l y  determined by c o n t r o l  power and 
t ype /dens i t y  o f  t h e  m i c r o - t e r r a i n .  
Determine t h e  amount and frequency con ten t  o f  excursions i n  h e i g h t  
above t h e  bas i c  NOE he igh t .  
c i s i o n  o f  c o n t r o l  and presupposes the p i l o t  w i l l  n o t  r i s k  descending 
below some minimum "safe"  a1 t i t u d e .  
hover above t h a t  requ i red  f o r  observat ion.  
the p i l o t  w i l l  n o t  r i s k  break ing l o c k  on a designated t a r g e t .  
b. 
Th is  i s  p r i m a r i l y  a f u n c t i o n  o f  pre- 
c. Determine t h e  amount and frequency con ten t  of h e i g h t  excurs ions i n  
This  presupposes t h a t  
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d. Determine the  amount o f  v i s u a l  f ree t ime f o r  s u r v e i l l a n c e  and f i r e  
c o n t r o l  f u n c t i o n s .  
3.4.1 Impact on Basic  WOE F l i q h t  Condi t ions 
I n i t i a l  a n a l y s i s  of t he  impact of f l y i n g  q u a l i t i e s  on NOE speed and 
a l t i t u d e  suggested t h a t  as f l y i n g  q u a l i t i e s  degrade, the p i l o t  would f l y  
h ighe r  t o  m a i n t a i n  a g i ven  margin of safety.  Moreover, judgment, based on 
o p e r a t i o n a l  experience, suggested t h a t  t he  p i l o t  would compensate more a t  low 
a l t i t u d e s  than a t  h i g h  a l t i t u d e s ,  r e s u l t i n g  i n  curves t h a t  converge a t  t h e  
h i g h  speed end as i l l u s t r a t e d  i n  F igu re  3-2. 
NOE f l i g h t  y i e l d s  e x a c t l y  t h e  same t rends as h e l i c o p t e r  maneuverab i l i t y  i s  
degraded, and i n  f a c t ,  F igure 3-2 was const ructed from t h a t  a lgo r i t hm.  
Since f l y i n g  q u a l i t i e s  can be viewed as a measure o f  t h e  degree t o  which 
the performance/maneuvering p o t e n t i a l  o f  a he1 i c o p t e r  can he u t i 1  ized, a 
degradat ion i n  f l y i n g  q u a l i t i e s  can, t o  some degree, be equated t o  a degrada- 
t i o n  i n  performance/maneuverabil i ty. Thus, i t  i s  probably  n o t  by chance t h a t  
t h e  t rends s u b j e c t i v e l y  de r i ved  i n  ana lyz ing  the  e f f e c t  o f  f l y i n g  q u a l i t i e s ,  
c l o s e l y  p a r a l l e l  t h e  t rends generated through ana lyz ing  the  e f f e c t s  o f  h e l i -  
c o p t e r  maneuverabi l  i ty. 
s t r i c t l y  on the performance/maneuvering p o t e n t i a l  o f  t h e  he1 i c o p t e r .  Th is  
The HACES a l g o r i t h m  which r e l a t e s  speed, h e i g h t  and maneuverab i l i t y  i n  
As HACES i s  p r e s e n t l y  mechanized, t h e  WOE s p e e d / a l t i t u d e  curves a re  based 
equates t o  a curve o f  p e r f e c t  f l y i n g  q u a l i t i e s ,  where t h e  p i l o t  i s  ab le  t o  
f u l l y  e x p l o i t  t he  performance p o t e n t i a l  o f  t he  a i r c r a f t .  To generate non- 
a r b i t r a r y  curves o f  r e a l i s t i c  - degraded - f l y i n g  q u a l i t i e s ,  advantage has 
been taken o f  t h e  c o r r e l a t i o n  between f l y i n g  q u a l i t i e s  and performance/ 
maneuverab i l i t y .  S p e c i f i c a l l y ,  t h e  impact on f l i g h t  c o n d i t i o n  o f  two grades 
o f  degraded f l y i n g  q u a l i t i e s  have been de f i ned  by reducing t h e  performance/ 
maneuverab i l i t y  o f  t h e  Scout he1 i c o p t e r s ,  and genera t i ng  speed/al t i  tude curves 
based on t h i s  degraded performance. Although the curves nay n o t  be exact, 
t hey  should c e r t a i n l y  be s u f f i c i e n t l y  c lose  t o  o b t a i n  a meaningful quant i -  
t a t i v e  measure o f  t h e  impact o f  f l y i n g  q u a l i t i e s  on m iss ion  e f fec t i veness .  
t i e s  a re  presented i n  F igu re  3-2. The lower curve - Grade 1 F l y i n g  Q u a l i t i e s  - 
was generated assuming the  f u l l  maneuvering p o t e n t i a l  o f  t h e  Scout he1 i c o p t e r s .  
The s p e c i f i c  curves, corresponding t o  t h e  t h r e e  grades o f  f l y i n g  q u a l i -  
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The o the r  two curves, corresponding t o  Grades 2 and 3 f l y i n g  q u a l i t i e s ,  were 
generated by reducing t h e  maneuverab i l i t y  o f  t h e  Scout h e l i c o p t e r s  approx i -  
mate ly  15 percent  p e r  grade. 
speed - a l t i t u d e  r e l a t i o n s h i p  i n  t h e  HACES NOE model ( f o r  a g iven d e n s i t y  o f  
m i c r o - t e r r a i n )  i s  maximum sustained t u r n  c a p a b i l i t y ,  so t h i s  i s  t h e  parameter 
t h a t  was reduced. 
As s t a t e d  i n  t h e  I n t r o d u c t i o n ,  t h e  o b j e c t i v e  o f  t h i s  program was t o  
r e l a t e  the  e f f e c t s  o f  f l y i n g  q u a l i t i e s  t o  m iss ion  e f fec t i veness .  Thus, t o  
assess t h e  d i f f e r e n c e  i n  m iss ion  ef fect iveness o f  two c o n f i g u r a t i o n s ,  t he  user 
must f i r s t  assess t h e  d i f f e r e n c e  i n  the  e f f e c t s  o f  t h e i r  f l y i n g  q u a l i t i e s .  
More s p e c i f i c a l l y ,  t h e  user  must assess t h e  bas ic  F!OE h e i g h t  f o r  each, e i t h e r  
through experiment o r  through a n a l y s i s  o f  the h e l i c o p t e r ' s  s t a b i l i t y  and 
c o n t r o l  c h a r a c t e r i s t i c s ,  and use these he igh ts  t o  e n t e r  t h e  e f f e c t i v e n e s s  
curves o f  Sec t i on  4. 
considers the  impact o f  r o l l  c o n t r o l  e f f e c t i v e n e s s  on bas i c  NOE he igh t .  
The pr imary parameter t h a t  determines the  
As an example o f  how t h i s  may be achieved, Appendix C 
3.4.2 Impact on NOE Height  V a r i a t i o n s  
As p r e v i o u s l y  discussed, poor l a t e r a l  and/or l o n g i t u d i n a l  p r e c i s i o n  o f  
c o n t r o l  can f o r c e  a h e l i c o p t e r  t o  f l y  h i g h e r  than the bas i c  FlOE a l t i t u d e  which 
i s  determined e s s e n t i a l l y  by c o n t r o l  power. Since i t  i s  assumed t h a t  t h e  
p i l o t  w i l l  n o t  r i s k  descending below what he perceives t o  be a " sa fe "  a l t i -  
tude, g i v e n  t h e  c h a r a c t e r i s t i c s  o f  t he  m i c r o - t e r r a i n ,  h i s  speed and h i s  h e l i -  
c o p t e r ' s  " e f f e c t i v e "  maneuverab i l i t y ;  t he  p r e c i s i o n  o f  c o n t r o l  f a c t o r  y i e l d s  a 
s t a t i s t i c a l  d i s t r i b u t i o n  o f  he ight ,  AH, superinposed on t h e  bas i c  WOE he igh t .  
This can be represented by a Rayleigh d i s t r i b u t i o n ,  as i l l u s t r a t e d  i n  F ig-  
u r e  3-3, whose mean i s  determined by h e i g h t  keeping c a p a b i l i t y .  
between zero ( p e r f e c t  c o n t r o l )  and t h i r t y  f e e t  have been considered i n  t h i s  
program. 
m iss ion  e f f e c t i v e n e s s  w i t h  respect  t o  p r e c i s i o n  o f  f l i g h t  path c o n t r o l ,  t h e  
u s e r  must e s t a b l i s h  what t h e  mean excu rs ion  i s ,  then use t h i s  t o  e n t e r  t h e  
data o f  Sect ion 4. It i s  impor tan t  t h a t  t h i s  a l t i t u d e  h o l d i n g  c a p a b i l i t y  n o t  
be based s o l e l y  on t h e  phys i ca l  a b i l i t y  t o  h o l d  an a l t i t u d e ,  when t h a t  i s  t he  
on ly  task,  b u t  f u l l y  cons ider  such f a c t o r s  as e n v i r o n m e n t a l / t a c t i c a l  f a c t o r s  
( i  .e., t e r r a i n  roughness, v i s i b i l i t y ,  EN e f f e c t s ) ,  o t h e r  tasks which must be 
accomplished ( i  .e., nav iga t i on ,  communication, m a i n t a i n i n g  fo rma t ion  i n t e g r i t y ,  
Mean values 
As w i t h  t h e  bas i c  NOE he igh t ,  t o  assess t h e  impact of  f l y i n g  q u a l i t i e s  on 
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F i y r e  3-3. S t a t i s t i c a l  W E  Pe iqh t  V a r i a t i o n  
look-out  f o r  t h r e a t  elements) and ma in ta in ing  a margin o f  s a f e t y  (knowledge 
t h a t  s t r i k i n g  the ground o r  o t h e r  ob jec ts  e i t h e r  d i r e c t l y  below o r  from e i t h e r  
s ide,  could p o s s i b l y  be f a t a l ) .  
3.4.3 
c o p t e r ' s  hover ing p r e c i s i o n  i s  almost t o t a l l y  determined by i t s  handl ing 
q u a l i t i e s .  As w i t h  p r e c i s i o n  o f  c o n t r o l  i n  FlOE f l i g h t ,  t h e  h e i g h t  v a r i a t i o n s  
which occur i n  hover a re  considered t o  be above t h e  minimum observa t i on  h e i g h t  
and can be represented by a Rayleigh d i s t r i b u t i o n  as i l l u s t r a t e d  i n  F igure 3-4. 
Mean values between zero ( p e r f e c t  c o n t r o l )  and ten f e e t  have been considered 
i n  t h i s  program. 
p rec i s ion ,  t h e  mean v a r i a t i o n  i n  hover a l t i t u d e  must be est imated/  
calculated/measured. 
Impact on Hover He igh t  V a r i a t i o n s  
For a g iven s e t  o f  environmental and topographic cond i t i ons ,  a h e l i -  
To e n t e r  t h e  da ta  o f  Sec t i on  4 t o  determine the  s i g n i f i c a n c e  o f  hover 
3.4.4 Impact on Workload 
S t ro the r ,  Chief ,  Human Factors  Engineering, B e l l  He1 i c o p t e r  Company, show t h a t  
Review o f  t h e  l i t e r a t u r e ,  i n  p a r t i c u l a r  work done by C r .  Dora Dougherty 
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F i g u r e  3-4. S t a t i s t i c a l  Hover He igh t  V a r i a t i o n  
some data have heen acqui red on the  amount o f  v i s u a l  f r e e  t ime a v a i l a b l e  t o  a 
p i l o t  f l y i n g  a t  v a r y i n g  he igh ts  above t h e  t e r r a i n .  
S t ro the r ,  Reference 1, i s  presented i n  F igure 3-5. 
w h i l e  m a i n t a i n i n g  a constant  speed. 
amount o f  VFT as determined by l o o k i n g  a t  o b j e c t s  s t r a i g h t  ahead, w h i l e  t h e  
dashed l i n e  represents  the  amount o f  VFT as determined by hav ing t o  l ook  a t  
o b j e c t s  90 degrees t o  one s i d e  o f  t h e  p i l o t ' s  normal f i e l d  o f  view. 
u r e  3-5b shows the  v a r i a t i o n  o f  scan i n t e v a l  w i t h  he ight .  I t  can be seen from 
t h e  f i g u r e s  t h a t  l o o k i n g  t o  t h e  s ide, r a t h e r  than s t r a i g h t  ahead, n o t  on l y  
reduces YFT, b u t  reduces t h e  l e n g t h  o f  each scan per iod.  Both f a c t o r s  degrade 
a p i l o t ' s  a b i l i t y  t o  per form n o n - f l y i n g  tasks. 
n o n - f l y i n g  v i s u a l  a c t i v i t i e s ;  and t o t a l  workload comprises v i s u a l ,  manipu- 
l a t i v e ,  o r a l / a u d i t o r y  and c o g n i t i v e  a c t i v i t i e s ;  i t  i s  considered t o  be d i r e c t l y  
a p p l i c a b l e  t o  t h e  Scout s u r v e i l l a n c e  task/miss ion s ince  t h e  v i s u a l  a c t i v i t y  i s  
paramount. 
These data show t h a t  f o r  NOE he igh ts  o f  100 f e e t  and below, VFT ranges 
f rom 25 t o  15 percent  when the  p i l o t  spends h i s  " f r e e  t ime' '  searching i n  f r o n t  
of him ( s o l i d  curve) ,  and ranges from 15 t o  5 percent  when t h e  p i l o t  spends 
Typica l  data from D r .  
These data show, as would be expected, t h a t  VFT increases w i t h  h e i g h t  
The s o l i d  curve o f  F igu re  3-5a g ives t h e  
F ig-  
Although these data r e l a t e  s t r i c t l y  t o  the  amount o f  t i m e  a v a i l a b l e  f o r  
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F i g u r e  3-5. Visual  Workload E f f e c t s  
h i s  " f r e e  t ime"  searching t o  h i s  s ide.  
even i n  h e l i c o p t e r s  . w i t h  two crew members, t h e  co -p i l o t /gunner  i s  becoming a 
head-down crew member du r ing  search and a t t a c k  phases. 
and t h e  amount of VFT considered has been increased above these values. I n  
de te rm in ing  the  range o f  values o f  VFT t o  consider  i n  t h e  s u r v e i l l a n c e  mission, 
t h r e e  a d d i t i o n a l  f a c t o r s  had t o  be taken i n t o  account: The amount o f  s u r v e i l -  
l ance  which occurs i n  t h e  processes o f  v i s u a l  f l i g h t ;  t h e  c o n t r i b u t i o n  o f  a 
second crew member; and the  c o n t r i b u t i o n s  o f  automat ic d e t e c t i o n  devices. 
These data a re  o f  s i g n i f i c a n c e  because 
For t h e  purposes of t h i s  study, these data w i l l  be taken as minimum times 
from 5 pe rcen t  t o  100 per-  Consider ing a l l  f a c t o r s ,  v i s u a l  f r e e  t imes r a n g i n  
cen t  were considered i n  t h i s  program. 
As w i t h  t h e  o t h e r  parameters, est imates o f  v 
w i t h  d i f f e r i n g  l e v e l s  o f  f l y i n g  q u a l i t i e s  must be 
m i s s i o n  e f f e c t i v e n e s s .  
sua1 f r e e  t ime  associated 
made t o  assess t h e  impact on 
v1 
r- 
0 a 
3-1 1 
SECTION 4 
EXPERIMENTAL DESIGN, RESULTS AND APALYSIS 
4.1 EXPERIMENTAL DESIGF! 
The scenar ios and cases se lected f o r  a n a l y s i s  were based on the sometimes 
c o n f l i c t i n g  requirements t o  c l e a r l y  show cause and e f fec t  r e l a t i o n s h i p s  (neces- 
s i t a t i n g  o n l y  a few elements - Scenar io 3), and t o  r e l a t e  f l y i n g  q u a l i t i e s  t o  
m iss ion  e f f e c t i v e n e s s  f o r  l a r g e r ,  more r e a l  i s t i c ,  u n i t  a c t i o n s  (Scenarios 1 
and 2) .  The case m a t r i x  which was developed and run i s  presented i n  Table 4-1. 
As w i l l  De noted, seventeen cases were devoted t o  Scenar io 3 t o  o b t a i n  a 
bas i c  understanding o f  t he  impact of f l y i n g  q u a l i t i e s  on m iss ion  e f fec t i veness ,  
t h i r t e e n  cases were devoted t o  Scenario 2 t o  e s t a b l i s h  r e l a t i o n s h i p s  i n  
l a r g e r  u n i t  a c t i o n s  under adverse a t t a c k  cond i t i ons ,  and two cases ( i n  which 
data were taken) were devoted t o  Scenario 1 t o  e s t a b l i s h  r e l a t i o n s h i p s  when 
a t t a c k i n g  under near i d e a l  cond i t i ons .  
The s i m u l a t i o n  was run  50 t imes per  case. F i f t y  Monte Car lo  runs were 
se lected as a compromise between keeping costs  i n  bound and i n  o b t a i n i n g  
reasonahle convergence. Experience has shown t h a t  t h e  accuracy, o r  repeat-  
a b i l i t y ,  i s  nomina l l y  w i t h i n  +5 percent w i t h  t h i s  number o f  runs. This i s  
p r e c i s e  enough t o  show t rends q u i t e  accu ra te l y ,  b u t  does i n t r o d u c e  a l i t t l e  
s c a t t e r  i n  the  data. 
4.2 SCEFIARIO 3 RESULTS 
The seventeen Scenar io 3 cases pe rm i t ted  the  i n v e s t i g a t i o n  o f  the f o l -  
l ow ing  f l y i n g  q u a l i t i e s  e f f e c t s :  
a. 
b. 
C. 
Cases 15, 1, 13, 2 and 3 v a r i e d  t h e  Scout 's bas i c  NOE h e i g h t  from 41 
t o  80 f e e t  f o r  f i x e d  c o n d i t i o n s  o f  V=50 kts,AHFIOE = 0 ft, 
AHHOVER = 2 f t  and VFT = 50 percent.  
Cases 1, 4, 5 and 16 v a r i e d  t h e  Scout 's s t a t i s t i c a l  FlOE h e i g h t  
v a r i a t i o n  from 0 t o  30 f e e t  f o r  f i x e d  c o n d i t i o n s  o f  V = 50 k t s ,  HNOE 
= 50 ft, AHHOVER = 2 f t and VFT = 50 percent.  
Cases 17, 1, 7 and 6 v a r i e d  t h e  Scout 's  s t a t i s t i c a l  hover h e i g h t  
v a r i a t i o n  f rom 0 t o  5 f e e t  f o r  f i x e d  c o n d i t i o n s  o f  V = 50 k ts ,  HNOE 
= 50 ft, AHNOE = 0 f t  and VFT = 50 percent.  
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Case 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
- Scenario 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
Table U - 1 .  Case M a t r i x  
HNOE ( FT) 
50 
65 
80 
50 
50 
50 
50 
50 
50 
50 
50 
41 
58 
58 
41 
50 
50 
14 
41 ' 
50 
58 
69 
50 
50 
50 
50 
50 
50 
50 
50 
47 
64 
VNOE(KTS) 
50 
50' 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
30 
50 
50 
50 
80 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
4-2 
AHNOE ( FT) 
0 
0 
0 
10 
20 
0 
0 
0 
0 
0 
0 
0 
0 
20 
0 
30 
0 
0 
0 
0 
0 
0 
10 
20 
30 
0 
0 
0 
0 
0 
10 
30 
AHHOV ( FT) 
2 
2 
2 
2 
2 
5 
3.5 
2 
2 
2 
2 
0 
2 
5 
2 
2 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
5 
10 
0 
2 
10 
VFT( %)  
50 
50 
50 
50 
50 
50 
50 
5 
10 
25 
100 
100 
50 
25 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
25 
100 
50 
50 
50 
50 
50 
d. Cases 8, 9 ,  10, 1 and 11 v a r i e d  the  Scout 's  VFT f rom 5 t o  100 per-  
cen t  f o r  f i x e d  c o n d i t i o n s  o f  V = 50 k ts ,  HGOE = 50 ft, AHNOE = 0 f t 
= 2 ft. and '"OVER 
e. Cases 12, 4 and 14 va r ied  a l l  t he  Scout 's  parameters from near 
p e r f e c t  f l y i n g  q u a l i t i e s  t o  bad f l y i n g  q u a l i t i e s .  
near pe r fec t  case; HrlOE = 41 ft, AHFlOE = O ft, AHHO\,ER = 0 f t  and 
= 10 ft, AHHOVER = 2 f t  and VFT = 50 percent .  
case; 
25 percent.  
I n  Case 12, t he  
VFT = 100 percent.  I n  Case 4, t he  nominal case; HNOE = 50 ft, A 
I n  Case 14, t he  bad 
= 5 f t and VFT = 2o ft, A "HOVER 'r!OE = 58 ft, AHrloE = 
4.2.1 E f f e c t  o f  Basic  NCE Height  
F i g u r e  4-1 presents  the  bas ic  measures o f  m iss ion  e f fec t i veness :  
b i l i t y  o f  t h e  Blue Scout g e t t i n g  k i l l e d  per m iss ion  (Pk  ( B ) ) ,  number o f  Red 
ground u n i t s  (tanks/BMPs, SAM, A A A )  k i l l e d  per m iss ion  (Nk(R)) ,  and exchange 
r a t i o  (ER) which equals the number o f  Red u n i t s  k i l l e d  per m iss ion  d i v i d e d  by 
t h e  numher o f  Scouts k i l l e d  per  mission. 
From t h i s  f i g u r e  i t  can be seen t h a t  al though, as would be expected, t h e  
p r o b a b i l i t y  o f  t h e  Scout being k i l l e d  increased and the number o f  t a r g e t s  
k i l l e d  decreased as FIOE a l t i t u d e  increased, t h e  t rends  a r e  n o t  very  pro- 
nounced, p a r t i c u l a r l y  a t  t he  lower  PIOF heights .  
t h e  scenar io  which caused t h e  ef fects  i n  hover t o  dominate t h e  e f f e c t s  i n  FJOE. 
This was caused by t h e  f a c t  t h a t  because of t he  geometry o f  t he  problem 
( r e f e r e n c e  F igu re  2-5), i n  general n o s t  o f  t h e  d e t e c t i n g  and k i l l i n g  o f  t he  
Scout occurred i n  hover. Thus, changes t h a t  occurred i n  t h e  FJOE p o r t i o n  o f  
t h e  m iss ion  o n l y  af fected a smal l  p a r t  o f  t h e  problem. Had, f o r  example, t he  
Scout t o  f l y  by one o r  more defense s i t e s  t o  reach i t s  hover p o i n t ,  s u r v i v i n g  
t h e  NOE p o r t i o n  o f  t he  m i s s i o n  would have been much more d i f f i c u l t ,  making the 
measures o f  e f f e c t i v e n e s s  much more s e n s i t i v e  t o  W E  parameters. 
way i n v a l i d a t e s  the  r e s u l t s ,  o n l y  suggests t h a t  many d i f f e r e n t  missions and 
geometries must be examined t o  r e a l l y  p i n  down the  c r i t i c a l i t y  o f  h e i g h t  
c o n t r o l  i n  FlOE f l i g h t .  
t i o n ,  i t  i s  o f  i n t e r e s t  t o  examine the p r o b a b i l i t y  o f  d e t e c t i o n  s t a t i s t i c s .  
F i g u r e  4-2a presents  t h e  cumulat ive p r o b a b i l i t y  o f  t h e  Scout d e t e c t i n g  the  Ped 
h e l i c o p t e r  as a f u n c t i o n  o f  t ime f o r  t h e  d i f f e r e n t  NOE he igh ts .  From these 
proba- 
This i s  a d i r e c t  r e s u l t  of 
This i n  no 
Since a l l  engagements were dominated by which s ide  made t h e  f i r s t  detec- 
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f i gu res ,  i t  can be seen t h a t  as the  Scout NOE h e i g h t  was increased ( w i t h  
speed, hover h e i g h t  v a r i a t i o n s ,  and VFT remaining cons tan t ) ,  t h e  Scout cou ld  
see b e t t e r ,  hence i t s  p r o b a b i l i t y  o f  d e t e c t i n g  the Red h e l i c o p t e r  increased. 
O r  pu t  another  way, as Scout he igh t  increased any s p e c i f i e d  l e v e l  o f  proba- 
b i l i t y  o f  d e t e c t i o n  was reached sooner. It should be noted t h a t  the  Scout 
reached i t s  Observat ion Po in t  a t  140 seconds from the s t a r t  o f  the problem. 
Since the  Scout had a c l e a r  l i n e - o f - s i g h t  a t  i t s  Observation Po in t ,  i t s  
p r o b a b i l i t y  o f  d e t e c t i n g  the  Red h e l i c o p t e r  increased very r a p i d l y  from t h a t  
p o i n t  on f o r  those NOE h e i g h t s  where p r o b a b i l i t y  o f  d e t e c t i o n  was n o t  a l ready  
h igh.  
F igu re  4-2b, which shows the  p r o b a b i l i t y  o f  the  Red h e l i c o p t e r  d e t e c t i n g  
the  Scout, i n d i c a t e s  the  same trend, o n l y  much l e s s  pronounced. The main 
reason t h a t  t he  Red h e l i c o p t e r  has a lower  p r o b a b i l i t y  o f  d e t e c t i n g  t h e  Scout 
than v i c e  versa, i s  because o f  t h e  Scout 's  much smal le r  s i z e  ( r e f e r e n c e  
Volume 111). That t h e  p r o b a b i l i t y  o f  d e t e c t i o n  f o r  the  58 f o o t  and 65 f o o t  
p r o f i l e s  i s  so c lose,  cou ld  be due t o  imprec ise  " f l y i n g "  o f  t he  05 f o o t  pro-  
f i l e .  
140 seconds i s  due t o  the  f a c t  t h a t  each curve was taken from one o f  t h e  
50 Monte Car lo  runs i n  each case. 
each run  (AHHOVER = 2 f e e t ) ,  v a r i a t i o n s  between cases i s  t o  be expected. 
I n  o rde r  t o  b e t t e r  es t imate  how t lOE a l t i t u d e  a f f e c t e d  t h e  NO€ p o r t i o n  o f  
f l i g h t ,  cons ider  F igu re  4-3 which presents  the  p r o b a b i l i t y  o f  t h e  Scout he ing  
de tec ted  by t h e  Red h e l i c o p t e r  p r i o r  t o  reaching i t s  obse rva t i on  p o i n t  a t  
t = 140 seconds. 
be ing  de tec ted  a t  50 f e e t  i s  two t imes as g r e a t  as a t  41 f e e t  ( p e r f e c t  f l y i n g  
q u a l i t i e s ) ,  and t h a t  f l y i n g  a t  58 f e e t  the p r o b a b i l i t y  o f  d e t e c t i o n  i s  f o u r  
t imes as g r e a t  as a t  41  fee t .  
One f i n a l  measure o f  e f fec t i veness  t h a t  was examined was the  average t ime 
a t  which t h e  Scout was de tec ted  by t h e  Red h e l i c o p t e r .  
presented i n  F igu re  4-4, i n d i c a t e s  t h a t  a t  the  h ighes t  a l t i t u d e  considered (80 
f e e t ) ,  on the  average t h e  Scout was de tec ted  62 seconds p r i o r  t o  reaching i t s  
obse rva t i on  p o i n t  . A t  50 knots ,  t h i s  t r a n s l a t e s  t o  the  Scout be ing 0.86 m i l e s  
s h o r t  o f  t he  observa t ion  p o i n t ,  on t h e  average, when and i f  detected. I n  f a c t  
i t  was de tec ted  48 percent  o f  the  t ime. A t  58 f e e t ,  t h e  Scout j u s t  made i t  t o  
the hover p o i n t  (on the  average), and was de tec ted  24 percent  o f  the  time. A t  
41 f e e t ,  t h e  da ta  show t h a t  t he  average t ime o f  d e t e c t i o n  was e i g h t  seconds 
That none o f  t h e  curves p a r a l l e l  each o t h e r  f o r  t imes g r e a t e r  than 
Since hover h e i g h t  v a r i e s  d i f f e r e n t l y  f o r  
From t h i s  f i g u r e ,  it can be seen t h a t  t he  p r o b a b i l i t y  o f  
Th is  curve, which i s  
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Figure 4-3. Probability o f  Scout Being Detected by 
Red Pelicopter in FlOE Flight 
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Figure 4-4. Average Time of Detection by Red Helicopter 
p r i o r  t o  reaching the  hover p o i n t .  
de tec ted  12 percent  of t he  t ime, the  data sample i s  smal l .  
the  d e t e c t i o n  s t a t i s t i c s  i n d i c a t e s  t h a t  had a l a r g e r  number of runs been made, 
the  average expected t ime o f  d e t e c t i o n  would almost c e r t a i n l y  have been w e l l  
a f t e r  the  observa t ion  p o i n t  was reached. 
i n s i g h t  i n t o  the  importance o f  NOE h e i g h t  c o n t r o l  than do the  pr imary MOEs 
alone. 
However, s ince  the  h e l i c o p t e r  was on ly  
Ana lys is  o f  
I t  i s  be l i eved  t h a t  these in te rmed ia te  MOEs g i v e  a g r e a t  deal more 
4.2.2 E f f e c t  o f  S t a t i s t i c a l  NOE He igh t  Va r ia t i ons  
Nk(R) and ER, as t h e  mean h e i g h t  o f  the h e l i c o p t e r  va r ied  between 0 and 30 f e e t  
above the  bas i c  NOE h e i g h t  o f  50 fee t .  
spread on the  measures o f  e f f e c t i v e n e s s  i s  s i m i l a r  t o  t h a t  f o r  t h e  v a r i a t i o n s  
i n  bas i c  NOE he igh t ,  b u t  t he  curves a r e  l ess  l i n e a r .  S p e c i f i c a l l y ,  f o r  AH 
between 0 and 10 f e e t  l i t t l e  change occurred, f o r  AH between 10 and 20 f e e t  
a l a r g e  change occurred i n  a l l  parameters, and f o r  AH between 20 and 30 f e e t  
1 i t t l e  f u r t h e r  change occurred. 
t i o n  and t h e  average t imes o f  de tec t i on .  
b i l i t y  o f  t he  Scout be ing  de tec ted  by the  Red h e l i c o p t e r  was approx imate ly  
0.25, and t h e  average t ime o f  d e t e c t i o n  was approx imate ly  15 seconds a f t e r  
reach ing  the  observa t ion  p o i n t .  For AH = 20 and 30 fee t ,  t h e  p r o b a b i l i t y  o f  
t he  Scout be ing  de tec ted  by t h e  Red h e l i c o p t e r  was approx imate ly  0.60, and t h e  
average t ime o f  d e t e c t i o n  was approx imate ly  50 seconds p r i o r  t o  reaching the  
observa t ion  p o i n t .  A t  50 k t s ,  t h i s  meant t h a t  t h e  Scout was de tec ted  0.7 m i les  
s h o r t  o f  the observa t ion  p o i n t  over  h a l f  the  time. 
The under l y ing  d e t e c t i o n  s t a t i s t i c s  a re  presented i n  F i g u r e  4-6. I n  
F igu re  4-6b, which presents  t h e  cumulat ive p r o b a b i l i t y  o f  t h e  Red he1 i c o p t e r  
d e t e c t i n g  t h e  Scout, i t  can be seen t h a t  as t h e  Scout 's  mean NOE a l t i t u d e  
increased, i t s  p r o b a b i l i t y  o f  be ing  de tec ted  increased. A p a r t i a l  exp lanat ion  
f o r  t h e  non- l i nea r  behavior  o f  t h e  measures o f  e f f e c t i v e n e s s  may be seen i n  
t h a t  i n  go ing from a AH o f  10 f e e t ,  t o  a AH o f  20 f e e t ,  a very  l a r g e  change i n  
the  d e t e c t i o n  s t a t i s t i c s  occurs,  ? +  cannot be s a i d  f o r  c e r t a i n  i f  t h i s  i s  t h e  
case, however, because each curve  represents  the  p r o b a b i l i t y  o f  d e t e c t i o n  t ime 
F igu re  4-5 presents  the  bas i c  measures o f  miss ion  e f f e c t i v e n e s s :  P k ( B ) ,  
As can be seen from these data, t h e  
Th is  non - l i nea r  behav io r  i s  a l s o  r e f l e c t e d  i n  the  p r o b a b i l i t i e s  o f  detec- 
For AH = 0 and 10 f e e t ,  t he  proba- 
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F i g u r e  4-5. S t a t i s t i c a l  F O E  Height  V a r i a t i o n  MOEs 
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h i s t o r y  f o r  o n l y  one o f  t he  f i f t y  runs f o r  each case. Since the  v a r i a t i o n s  
a re  s t a t i s t i c a l ,  each run  f o r  each case i s  d i f f e r e n t .  However s ince each case 
has a spec i f i ed  mean, t h e  d i f f e r e n c e s  from run- to- run a re  g e n e r a l l y  r e l a t i v e l y  
smal 1. 
d e t e c t i n g  t h e  Red h e l i c o p t e r ,  i t  can be seen t h a t ,  ho ld ing  speed and VFT 
constant ,  as t h e  Scout gets  h ighe r  i t s  p r o b a b i l i t y  o f  d e t e c t i n g  the  Red h e l i -  
cop te r  increased s i g n i f i c a n t l y .  
back, t h e  e f f e c t s  o f  h ighe r  NOE a l t i t u d e  v i s -a -v i s  the  Red h e l i c o p t e r  would 
have been m i t i g a t e d .  
by t h e  surface a n t i - a i r  defense ( p r i m a r i l y  t h e  AAA u n i t s ) ,  t h e  outcome would 
n o t  have changed s i g n i f i c a n t l y .  
I n  F igu re  4-6a, which presents the  cumulat ive p r o b a b i l i t y  o f  t h e  Scout 
Thus, if t h e  Scout could have evaded o r  f i r e d  
However, s ince most o f  t he  k i l l i n g  of t h e  Scout was done 
4.2.3 E f f e c t  o f  S t a t i s t i c a l  Hover He igh t  V a r i a t i o n s  
N ( R )  and ER, as t h e  mean hover h e i g h t  o f  the h e l i c o p t e r  v a r i e d  between zero 
and f i v e  f e e t  above t h e  h e i g h t  requ i red  t o  j u s t  expose t h e  mast mounted s i g h t .  
As descr ibed i n  Appendix A, t h e  s i m u l a t i o n  had been m o d i f i e d  t o  compute the  
amount o f  su r face  area exposed a s  a func t i on  o f  hover h e i g h t  w i t h  respect  t o  
some masking fea tu re .  
su r face  area f o r  t h e  Scout i s  f o u r  square fee t ,  b u t  w i t h  f i v e  a d d i t i o n a l  f e e t  
o f  exposure, t h e  exposed area increases t o  54 square f e e t .  The ac tua l  exposed 
area as a f u n c t i o n  o f  t h e  degree t o  which t h e  Scout i s  unmasked i s  presented 
i n  Volume 111. 
As can be seen from F i g u r e  4-7, s i m u l a t i o n  o f  t h i s  e f f e c t  showed the  
g r e a t  s i g n i f i c a n c e  o f  p r e c i s i o n  o f  hover c o n t r o l  on m i s s i o n  e f f e c t i v e n e s s .  
W i th  p e r f e c t  hover c o n t r o l  and o n l y  t h e  EMS exposed, t h e  p r o b a b i l i t y  o f  Scout 
s u r v i v a l  was 0.9 and t h e  number o f  enemy u n i t s  k i l l e d  averaged 3.6 per mission. 
The number o f  u n i t s  k i l l e d  was l i m i t e d  by t h e  number o f  an t i -a rmor  m i s s i l e s  
F igu re  4-7 presents the has ic  measures o f  m iss ion  e f f e c t i v e n e s s :  P k ( B ) ,  
k 
For example, w i t h  j u s t  t h e  MKS exposed, t h e  exposed 
which could be f i r e d ,  and t h e i r  Pk. 
f i r e d  was i n  t u r n  l i m i t e d  by t h e  two minute hover t ime, t h e  t ime taken f o r  the 
Scout t o  coo rd ina te  w i t h  t h e  A t tack  h e l i c o p t e r  and d i r e c t  i t s  f i r e ,  and t h e  
f l i g h t  t ime o f  the m i s s i l e s  ( o n l y  one t a r g e t  designated a t  a t ime and one 
m i s s i l e  fired a t  a t ime) .  Th is  h i g h  p r o b a b i l i t y  of s u r v i v a l  and r e l a t i v e l y  
l a r g e  number o f  t a r g e t s  destroyed r e s u l t e d  i n  a v e r y  h i g h  exchange r a t i o .  
The number o f  m i s s i l e s  which could be 
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F igu re  4-7. S t a t i s t i c a l  Hover He igh t  V a r i a t i o n  MOEs 
4-1 3 
As hover p r e c i s i o n  decreased, and the  t ime va ry ing  h e i g h t  o f  the  Scout 
increased, t h e  Scout 's  p r o b a b i l i t y  of be ing k i l l e d  increased, the  number of 
t a r g e t s  k i l l e d  decreased, hence exchange r a t i o  decreased. 
t o  note t h a t  t h e  Scout 's  p r o b a b i l i t y  of s u r v i v a l  decreased a lmost  l i n e a r l y  
w i t h  the  decrease i n  p r e c i s i o n  o f  c o n t r o l .  A t  t he  p o i n t  where the  mean h e i g h t  
v a r i a t i o n  was about h a l f  the  he igh t  of the  h e l i c o p t e r  ( t h e  Scout i s  12 f e e t  
h igh ) ,  t he  p r o b a b i l i t y  o f  s u r v i v a l  had reached a very low va lue.  
It must be noted a t  t h i s  p o i n t  t h a t ,  i n  the  same way t h a t  the  scenar io  
and geometry de-emphasized the  e f fec ts  of NOE h e i g h t  c o n t r o l ,  so i t  a m p l i f i e d  
the  e f f e c t s  o f  hover h e i g h t  c o n t r o l .  However, even bear ing t h i s  i n  mind, 
t h e r e  i s  l i t t l e  doubt t h a t  p r e c i s i o n  of hover c o n t r o l ,  as i n f l uenced  by f l y i n g  
q u a l i t i e s  and o t h e r  parameters, i s  a powerfu l  f a c t o r  i n  de termin ing  m iss ion  
e f fec t i veness .  
It i s  o f  i n t e r e s t  
F igu re  4-8 presents  the  d e t e c t i o n  s t a t i s t i c s  under l y ing  the  prev ious  
r e s u l t s .  F igu re  4-8a presents  the p robab i l  i t y  o f  t he  Red he1 i c o p t e r  d e t e c t i n g  
t h e  Scout as a f u n c t i o n  o f  time, w h i l e  F igure  4-8b presents  t h e  p r o b a b i l i t y  o f  
an armored u n i t  ( tanks  and BMPs) d e t e c t i n g  the  Scout as a f u n c t i o n  o f  t ime. 
Nominal v i s u a l  d e t e c t i o n  s t a t i s t i c s  o f  a l l  ground u n i t s  were computed f o r  
completeness, b u t  were n o t  used i n  the engagement l o g i c .  The p r o b a b i l i t y  
s t a t i s t i c s  o f  the  Scout aga ins t  a l l  t h r e a t  u n i t s  remained i n v a r i a n t  w i t h  hover 
excursions, s ince  the  l o g i c  ( re fe rence  Sect ion  3.4 .3)  was t h a t  t h e  Scout would 
n o t  break l o c k  on a ta rge t ,  hence any excurs ions would be above the  des i red  
he igh t ,  n o t  below, where l i n e - o f - s i g h t  would he broken. The f i g u r e s  c l e a r l y  
p o i n t  ou t  how much eas ie r ,  and how much more qu ick l y ,  bo th  a i r  and sur face  
u n i t s  cou ld  d e t e c t  t h e  Scout as i t s  p r e c i s i o n  o f  hover c o n t r o l  degraded. 
4.2 .4  E f f e c t  o f  V isua l  Free Time 
Nk(R) and ER, as v i s u a l  f r e e  t ime v a r i e d  between f i v e  percent  and 100 percent. 
Only a small  inc rease i n  Scout p r o b a b i l i t y  o f  s u r v i v a l  occurred as v i s u a l  f r e e  
t ime increased, because the  o n l y  defens ive a c t i o n  t h a t  t h e  Scout took upon 
d e t e c t i n g  the Red h e l i c o p t e r  was t o  use the  m i c r o - t e r r a i n  i n  such a way t h a t  
decreased p r o b a b i l i t y  o f  d e t e c t i o n  by t h e  Red h e l i c o p t e r .  Since the  AAA and 
SAM d i d  most o f  t he  k i l l i n g  anyway, o n l y  a small  e f f e c t  was expected and 
noted. 
F igu re  4-9 presents  the  bas ic  measures o f  m iss ion  e f f e c t i v e n e s s :  Pk(B), 
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Figure  4-9. V isual  Free Time MOEs 
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Although some v a r i a t i o n  i s  seen i n  t h e  number o f  Reds k i l l e d ,  a s i g n i f i -  
can t  v a r i a t i o n  o n l y  occurs a t  low values o f  VFT. 
and t h e  SAM always had t o  be k i l l e d  be fo re  the  tanks were a t tacked  ( t h e y  were 
h ighe r  p r i o r i t y  t a r g e t s ) .  Since t h e  SAM and ACIA e s s e n t i a l l y  always detected 
t h e  Scout and f i r e d  a t  it, t h e  Scout always detected the SAM and AAA and had 
the s imulated At tack h e l i c o p t e r  r e t u r n  t h e i r  f i r e .  Thus, most of the engage- 
ment t ime was w i t h  u n i t s  t h a t  were r e a d i l y  detectable,  so n o t  much impact on 
t h a t  measure o f  e f f e c t i v e n e s s  was expected o r  occurred. 
mediate measures o f  e f fec t i veness .  
d e t e c t i n g  t h e  armored vehic les,  and the  number o f  v e h i c l e s  k i l l e d ,  as a func- 
t i o n  o f  VFT. 
w i t h  t h e  amount o f  VFT a v a i l a b l e  f o r  s u r v e i l l a n c e .  As w i l l  be seen from t h e  
d e t e c t i o n  s t a t i s t i c s ,  t he  p o i n t  o f  d i m i n i s h i n g  r e t u r n s  i s  reached a t  VFT = 
50 percent  i n  t h i s  scenar io,  s ince  a t  t h a t  p o i n t  t h e  p r o b a b i l i t y  o f  d e t e c t i n g  
the  tanks ( i f  t h e  Scout s u r v i v e s )  i s  near u n i t y .  
however, t h a t  f o r  any o b j e c t  ( o r  group o f  o b j e c t s )  t h a t  i s  hard t o  see, t h e  
g r e a t e r  t he  amount o f  v i s u a l  f r e e  t ime, the g r e a t e r  the p r o b a b i l i t y  o f  de tec t -  
i n g  t h a t  ob jec t ;  and t h a t  t h e  amount o f  VFT r e q u i r e d  t o  achieve a g iven proba- 
b i l i t y  o f  d e t e c t i o n  i s  a f u n c t i o n  o f  t he  geometry, t he  s i z e  and c o n t r a s t  o f  
t h e  o h j e c t ,  and t ime  on s t a t i o n .  
One o t h e r  f a c t o r  t h a t  has n o t  been introduced, b u t  has a bear ing on t h e  
problem, i s  t h e  r e l a t i o n s h i p  between VFT and the  l e n g t h  o f  t ime  t h a t  a crew- 
member can scan a t  any time. 
decreases, so t oo  does t h e  l e n g t h  o f  each scan i n t e r v a l .  Thus, as VFT 
decreases, n o t  o n l y  does t h e  crewember have a sma l le r  f r a c t i o n  o f  h i s  t o t a l  
t ime  a v a i l a b l e  f o r  s u r v e i l l a n c e ,  b u t  because he must i n t e r r u p t  t h i s  a c t i v i t y  
more o f ten ,  h i s  search w i l l  be l e s s  e f f i c i e n t .  Th i s  would a m p l i f y  t h e  e f f e c t s  
demonstrated by t h e  data.  
F i g u r e  4-11 presen ts  t h e  d e t e c t i o n  s t a t i s t i c s  o f  t he  Scout d e t e c t i n g  the  
Red h e l i c o p t e r  and t h e  tanks/BMPs. A c l e a r  r e l a t i o n s h i p  between p r o b a b i l i t y  
o f  d e t e c t i o n  and VFT i s  ev ident .  It w i l l  be noted t h a t  because the  Red h e l i -  
cop te r  i s  r e l a t i v e l y  high, v a r i a t i o n s  i n  the  d e t e c t i o n  s t a t i s t i c s  a g a i n s t  i t  
beg in  d u r i n g  t h e  NOE p o r t i o n  o f  t h e  mission. On t h e  o t h e r  hand, because the  
tanks/BMPs a r e  o b v i o u s l y  low, t h e r e  i s  a l n o s t  no p r o b a b i l i t y  o f  d e t e c t i n g  them 
d u r i n g  the NCE p o r t i o n  o f  t he  mission. 
s t a t i s t i c s  occur a f t e r  t h e  obse rva t i on  p o i n t  i s  reached. 
This f o l l o w s  s ince  t h e  AAA 
B e t t e r  i n s i g h t  i n t o  t h e  e f f e c t s  o f  VFT i s  gained by examining i n t e r -  
F igure 4-10 presents t h e  p r o b a b i l i t y  of 
These measures o f  ef fect iveness show a much s t ronger  c o r r e l a t i o n  
The i n f e r e n c e  i s  c l e a r ,  
As was pointed ou t  i n  Sec t i on  3.4.4, as VFT 
Thus, a l l  v a r i a t i o n s  i n  t h e  d e t e c t i o n  
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Figure 4-10. Probability o f  Detecting Armor and Kunber Vehicles Killed 
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4.2.5 Combined E f f e c t  o f  A l l  Parameters 
considered, t h r e e  l e v e l s  o f  f l y i n g  q u a l i t i e s  were de f ined as fo l lows:  
To o b t a i n  sow i n s i g h t  as t o  the  combined e f f e c t  o f  a l l  the  parameters 
a. 
b. 
C. 
Pe r fec t :  HNOE = 4 1  f e e t  ( a t  50 k t s )  
= ( !  
A U  = o  
VFT = 100% 
' "PE 
HOVER 
= 50 f e e t  ( a t  50 k t s )  
= 10 f e e t  
= 2 f e e t  
= 58 f e e t  ( a t  50 k t s )  
= 20 f e e t  
= 5 f e e t  
"OE 
'"OVER 
A"@E 
A "OVER 
F a i r :  
AHNOE 
VFT = 50% 
"0 E Bad: 
VFT = 25%. 
F i g u r e  4-12 presents  the  bas ic  measures o f  m iss ion  ef fec" 'veness:  PK(B), 
FI, ( R )  and ER, as the  f l y i n g  q u a l i t i e s  were va r ied  from p e r f e c t  t o  bad as j u s t  
defined. ' r l i th p e r f e c t  f l y i n g  q u a l i t i e s ,  p r o b a b i l i t y  o f  s u r v i v a l  was ve ry  
high, f o u r  t h r e a t  u n i t s  were k i l l e d  on the  average, hence exchange r a t i o  was 
ve ry  high. Wi th  bad f l y i n g  q u a l i t i e s ,  j u s t  t he  reverse  was t rue .  Wi th  f a i r  
f l y i n g  q u a l i t i e s ,  i n te rmed ia te  r e s u l t s  were obta ined.  
v idua l  parameters a r e  independent and a d d i t i v e .  S p e c i f i c a l l y ,  t he  inc rease i n  
p r o b a b i l i t y  o f  B lue k i l l  go ing from p e r f e c t  t o  bad f l y i n g  q u a l i t i e s ,  con- 
s i d e r i n g  the  f o u r  parameters independently, were computed and mu1 t i p l  i e d  
together .  Th is  number (18) was w i t h i n  20 percent  o f  t he  number (15) ob ta ined 
by d i v i d i n g  PK(B) f o r  p e r f e c t  f l y i n g  q u a l i t i e s  by  PK(B) f o r  bad f l y i n g  q u a l i -  
t i e s  when a1 1 parameters were va r ied  s imul taneously .  S i m i l a r l y ,  t he  decrease 
i n  the  number o f  t h r e a t s  k i l l e d  i n  going from p e r f e c t  t o  bad f l y i n g  q u a l i t i e s ,  
cons ide r ing  the  f o u r  parameters independently, were computed and rml t i p l  i e d  
together .  
ob ta ined by d i v i d i n g  NK(R) f o r  p e r f e c t  f l y i n g  q u a l i t i e s  w i t h  NK(R) f o r  bad 
f l y i n g  q u a l i t i e s  when a l l  parameters were va r ied  s imul taneously .  
o f  the e f f e c t s  when considered independent ly  i s  e s s e n t i a l l y  t h e  same as when 
they are  considered c o l l e c t i v e l y ,  may, o r  may not, have been i n t u i t i v e l y  
obvious. 
Q u a n t i t a t i v e  a n a l y s i s  o f  the  r e s u l t s  i n d i c a t e s  t h a t  t he  e f f e c t s  o f  i n d i -  
Th is  number (0.08) was a l s o  w i t h i n  20 percent  o f  t he  number (0.07) 
That the sum 
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Figure 4-12. Combined E f f e c t  of a l l  Parameters MOEs 
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It i s  a l s o  o f  i n t e r e s t  t o  note t h a t  even though the  va lue o f  the  degrada- 
t i o n  i n  f l y i n g  q u a l i t i e s  e f f e c t s  i n  going from p e r f e c t  f l y i n g  q u a l i t i e s  t o  bad 
f l y i n g  q u a l i t i e s  was n o t  extreme, t h e  p r o b a b i l i t y  o f  the  Scout g e t t i n g  k i l l e d  
w i t h  bad f l y i n g  q u a l i t i e s  was 15 t imes as g rea t  as w i t h  p e r f e c t  f l y i n g  q u a l i -  
t i e s ,  and o n l y  1 /14 th  the  number o f  t a r g e t s  were k i l l e d .  
t i e s  i n  F igu re  4-13, i n d i c a t e  s t rong,  obvious t rends.  
The d e t e c t i o n  s t a t i s t i c s ,  presented f o r  the  th ree  l e v e l s  o f  f l y i n g  q u a l i -  
4.3 SCENARIO 2 RESULTS 
Scenar io  2 was the  same as Scenario 3, o n l y  more elements were added. 
# 
S p e c i f i c a l l y ,  Scenario 2 had two Scout/Attack elements, two SAM's, two A A A ' s ,  
and t h r e e  tank/BMP fo rmat ions .  Th is  increased the  number o f  i n t e r a c t i o n s  con- 
s ide rab ly ,  which made the  r e s u l t s  more d i f f i c u l t  t o  i n t e r p r e t .  
low ing  f l y i n g  q u a l i t i e s  e f f e c t s :  
The t h i r t e e n  Scenar io  2 cases permi t ted  the i n v e s t i g a t i o n  o f  the  f o l -  
a. Cases 19, 20, and 21 va r ied  the  Scouts '  bas i c  NOE h e i g h t  from 4 1  t o  
58 f e e t  f o r  f i xed  cond i t i ons  o f  V = 50 k ts ,  AHNOE = 0, AHHOVER = 2  
f e e t  and VFT = 50%. 
v a r i a t i o n  f rom 0 t o  30 f e e t  f o r  f i x e d  c o n d i t i o n s  o f  V = 50 k ts ,  HNOE 
= 50 f e e t ,  AHHOVER = 2 f e e t  and VFT = 50%. 
v a r i a t i o n  from 0 t o  10 f e e t  f o r  f i x e d  c o n d i t i o n s  o f  V = 50 k t s ,  HFIOE 
= 50 f e e t ,  AHNOE = 0 and VFT = 50%. 
f i x e d  c o n d i t i o n s  o f  V = 50 k ts ,  HNOE = 50 fee t ,  AHNOE = 0 and 
e. Cases 18, 19 and 22 v a r i e d  the  Scouts '  b a s i c  NOE f l i g h t  cond i t i ons  
f rom 30 k t s  a t  12 fee t ,  t o  50 k t s  a t  41 f e e t ,  t o  80 k t s  a t  69 f e e t  
b. Cases 20, 23, 24 and 25 v a r i e d  the  Scouts '  s t a t i s t i c a l  NOE h e i g h t  
c. Cases 30, 20, 28 and 29 va r ied  t h e  Scouts' s t a t i s t i c a l  hover h e i g h t  
d. Cases 26, 20 and 27 v a r i e d  the  Scouts '  VFT f rom 25% t o  100% f o r  
= 2 f e e t .  '"OVER 
f o r  f i x e d  c o n d i t i o n s  o f  AHFlOE - '"OVER = 2 f e e t  and VFT = 50%. 
4.3.1 E f f e c t  o f  Bas ic  NOE He igh t  
F i g u r e  4-14 presents  t h e  bas ic  measures o f  m iss ion  e f fec t i veness :  
NK ( R )  and ER, as b a s i c  NOE h e i g h t  o f  t h e  Scouts va r ied  f rom 41  t o  58 f e e t .  
As discussed i n  Sec t i on  4.2, t h e  scenar io  r e s u l t s  were dominated by the  hover 
p o r t i o n  o f  t h e  miss ion.  For t h a t  reason, and because on ly  a r e l a t i v e l y  small  
PK(B) , 
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Figure 4-14. Basic NOE Altitude - PK(R); NK(R); E/R - 
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v a r i a t i o n  i n  NOE a l t i t u d e  was considered ( t h e  65 foo t  and 80 foo t  p o i n t s  were 
omi t ted) ,  any v a r i a t i o n s  are  l o s t  i n  the  noise and the curves a re  f l a t .  
t o  i d e n t i f y  t he  impact o f  the  bas ic  NCE a l t i t u d e ,  i n te rmed ia te  measures of 
e f fec t i veness  had t o  be analyzed. 
examined, as presented i n  F igure  4-15. 
Scout No. 1 was always detected and k i l l e d  be fore  Scout No. 2, when i t  was 
detected and k i l l e d .  Average d e t e c t i o n  and k i l l  t imes occurred e a r l i e r  f o r  
bo th  a i r c r a f t  as MOE h e i g h t  increased, w i t h  the  except ion  o f  t he  k i l l  t ime f o r  
Scout Plo. 2 a t  58 fee t .  The reason f o r  t h i s  i s  n o t  t o t a l l y  c lea r ,  b u t  cou ld  
be r e l a t e d  t o  the  f a c t  t h a t  as NOE a l t i t u d e  increased, the  Red h e l i c o p t e r s  
detected, a t tacked and k i l l e d  Scout No. 1 more and more o f ten .  Because of 
t h i s  s h i f t  i n  a t tack ,  Scout No. 2 was on ly  k i l l e d  ten  percent  o f  the  t ime by 
t h e  Red h e l i c o p t e r s  a t  58 fee t .  With t h i s  small a sample s ize ,  cons iderab le  
v a r i a t i o n  i n  average t ime o f  k i l l  i s  expected, so the  s h i f t  cou ld  be accounted 
f o r  by noise. On the  o t h e r  hand, the  s h i f t  i n  t ime cou ld  be r e a l ,  be ing 
r e l a t e d  t o  the  s h i f t  i n  l e v e l  o f  i n t e n s i t y  o f  a t tack .  There was a l s o  a change 
i n  p r o b a b i l i t y ,  t ime and i n t e n s i t y  o f  a t t a c k  by the  f o u r  ADA u n i t s  a g a i n s t  
each o f  the  Scouts. Th is  cou ld  w e l l  a l s o  have been a f a c t o r .  I n  summary, 
a l though no t rends  i n  the  bas ic  miss ion  measures o f  e f f e c t i v e n e s s  a re  ev ident ,  
F igu re  4-15 does i n d i c a t e  t h a t  change i n  NOE a l t i t u d e  was hav ing many e f f e c t s ,  
and i n  general,  average d e t e c t i o n  and k i l l  t imes by t h e  Red h e l i c o p t e r s  
decreased as Scout NOE a l t i t u d e  increased. It i s  a l s o  ev iden t  t h a t  t he re  a r e  
so many i n t e r a c t i o n s  between the  two Scouts, the  two Red he l i cop te rs ,  the  two 
SAWS and t h e  two AAAs, t h a t  t o  o b t a i n  a c l e a r  i n s i g h t  i n t o  e x a c t l y  what hap- 
pened and why i s  almost impossible, and does l i t t l e  t o  f u r t h e r  the objec t ives  
o f  t h i s  program. 
Since t h e r e  a r e  28 se ts  o f  d e t e c t i o n  s t a t i s t i c s  f o r  each case [ ( two 
Scouts vs. t h r e e  groups o f  a n o r ,  p lus  two SAMs, p lus  two AAAs) x 2 = 2 x 7 x 
2 = 281, o n l y  a l m i t e d  number o f  se ts  of data were analyzed, s p e c i f i c a l l y  t h e  
p r o b a b i l i t y  o f  d e t e c t i o n  o f  Red h e l i c o p t e r  r!o. 1 vs. Scout No. 1 and Scout 
No. 2 f o r  t h e  t h r e e  F!OE a l t i t u d e s .  These data ( n o t  presented)  show a progres- 
s ion  o f  increased p r o b a b i l i t y  o f  d e t e c t i o n  as bas i c  NOE h e i g h t  increases 
s i m i l a r  t o  t h a t  o f  Scenario 1, and a l s o  show the  h ighe r  p r o b a b i l i t y  o f  t he  Red 
h e l i c o p t e r s  d e t e c t i n g  (and k i l l i n g )  Scout Po. 1 more than Scout Po. 2, which 
f l e w  a l e s s  exposed p r o f i l e .  
Thus, 
F i r s t ,  t he  average t i n e  o f  d e t e c t i o n  and k i l l  by the  Red h e l i c o p t e r s  was 
F r m  t h i s  f i g u r e  i t  can be seen t h a t  
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F i g u r e  4-15. Basic FlOE A l t i t u d e  - Average Time o f  
F i r s t  D e t e c t i o n / K i l l  by Red Ye1 os 
4.3.2 E f fec t  o f  S t a t i s t i c a l  NOE He igh t  V a r i a t i o n s  
F igu re  4-16 presents  t h e  bas ic  measures o f  m iss ion  e f fec t i veness :  
NK(R) and ER, as t h e  mean h e i g h t  o f  t h e  Scouts va r ied  between 0 and 30 f e e t  
above t h e  bas ic  NOE h e i g h t  o f  50 f e e t .  Here, because h e i g h t  v a r i a t i o n s  a re  
much l a r g e r  and are  o f  a d i f f e r e n t  na ture  than f o r  the  bas i c  NOE h e i g h t  inves-  
t i g a t i o n ,  t h e  change i n  t h e  pr imary  measures o f  m iss ion  e f f e c t i v e n e s s  a re  we l l  
PK(B), 
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Figure 4-16. Statistical NCE Peight Variation - P~(B); rvK (R); E / R  - 
I 
defined. 
the same as f o r  Scenar io  3, on l y  the  curves are  much smoother. As w i l l  be 
reca l led ,  i n  Scenar io  3 t h e r e  was a l a r g e  d i s c o n t i n u i t y  between AHpiOE = 10 and 
20 feet, whereas here the  curves a re  e s s e n t i a l l y  l i n e a r .  
g r e a t e r  number o f  p laye rs  and i n t e r a c t i o n s  which has a smoothing e f f e c t  on the 
data . 
of f i r s t  d e t e c t i o n  of each Scout by e i t h e r  Red h e l i c o p t e r ,  and the  average 
t ime o f  f i r s t  k i l l  by any t h r e a t  u n i t .  
k i l l  t imes w i t h  increased mean h e i g h t  v a r i a t i o n  a re  obvious. 
As a m a t t e r  o f  fact ,  the  s i z e  o f  t he  v a r i a t i o n s  a r e  almost e x a c t l y  
This i s  due t o  t h e  
F igu re  4-17 presents  some in te rmed ia te  r e s u l t s  showing the  average t ime 
The t rends  o f  e a r l i e r  d e t e c t i o n  and 
4.3.3 E f f e c t  o f  S t a t i s t i c a l  Hover He igh t  V a r i a t i o n s  
NK(R) and ER, as the  mean hover h e i g h t  o f  the  Scouts va r ied  between 0 and 
10 f e e t  above the  h e i g h t  requ i red  t o  j u s t  keep t h e i r  mast mounted s i g h t s  
exposed. A l a r g e  v a r i a t i o n  i n  the  parameters i s  noted between 0 and 5 f e e t ,  
b u t  a t  t h a t  p o i n t  t h e  Scouts a re  e s s e n t i a l l y  always detected,  so l i t t l e  addi -  
t i o n a l  v a r i a t i o n  occurs when the  mean hover h e i g h t  v a r i a t i o n  equals 1@ f e e t .  
This i s  c o n s i s t e n t  w i t h  t h e  Scenario 3 r e s u l t s  (which o n l y  considered v a r i -  
a t i o n s  up t o  f i v e  f e e t )  which showed a very  l o w  p r o b a b i l i t y  o f  Scout s u r v i v a l  
when the  mean v a r i a t i o n  was f i v e  f e e t .  
b i l i t y  o f  each Scout g e t t i n g  k i l l e d  i s  c1.2, whereas i n  Scenar io  3 the  proba- 
b i l i t y  o f  the  Scout g e t t i n g  k i l l e d  was 0.1 . Ana lys is  o f  t h e  a t t r i t i o n  
m a t r i c i e s  i n d i c a t e s  t h a t  most o f  the  k i l l i n g  was be ing  done by t h e  Red h e l i -  
cop ters  h i c h  k i l l e d  f i v e  t imes the  number o f  Scouts i n  Scenar io  2 than  i n  
Scenario 3. This d i f f e r e n c e  i s  due t o  the  f a c t  t h a t  i n  Scenar io  2 the re  a r e  
two Red he1 i c o p t e r s  search ing f o r  two Scouts, which inc reases  the  p r o b a b i l i t y  
o f  a t  l e a s t  one Red h e l i c o p t e r  d e t e c t i n g  a Scout by a f a c t o r  o f  four .  More- 
over, w i t h  the  l o g i c  t h a t  once a d e t e c t i o n  i s  made by a member o f  a formation, 
the p r o b a b i l i t y  o f  t he  o t h e r  member o f  t h e  fo rma t ion  d e t e c t i n g  i s  increased 
(assuming communication between t h e  two), t he  p r o b a b i l i t y  o f  t he  Scout be ing 
detected i s  f u r t h e r  increased. This increased d e t e c t i o n  c a p a b i l i t y ,  coupled 
w i t h  the  increased f i repower ,  exp la ins  why t h e  p r o b a b i l i t y  o f  s u r v i v a l  aga ins t  
a l a r g e r  f o r c e  i s  poorer, even though the  f o r c e  r a t i o s  a re  the  same. 
F igu re  4-18 presents  the  bas ic  measures o f  miss ion  e f fec t i veness :  PK(B) ,  
For  zero v a r i a t i o n ,  i t  w i l l  be noted t h a t  i n  t h i s  scenar io  the  proba- 
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Figure  4-17. 
F i r s t  
S t a t i s t i c a l  Height  V a r i a t i o n  - Average 
Detect ion o f  Scouts by Red He l icopters  
and o f  K i l l  by any Threat  U n i t  
Time o f  
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F i g u r e  4-18. S t a t i s t i c a l  Hover Height  V a r i a t i o n  - PK(B) ;  N K ( R ) ;  E/R - 
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4.3.4 Effect  o f  V isual  Free Time 
N K ( R )  and ER, as the  v i s u a l  f r e e  t ime of t h e  Scouts v a r i e d  f rom 25 percent t o  
100 percent. 
i n  miss ion e f f e c t i v e n e s s  occurred as a f unc t i on  o f  v i s u a l  f r e e  t ime. The 
reason f o r  t h i s  i s  t h a t  i n  t h i s  scenar io  the re  were n o t  o n l y  a l a r g e  number of 
armored veh ic les  t h a t  were c lose  t o  the  observat ion po in ts ,  b u t  they had h igh  
con t ras t .  Because of t h i s  the  Scouts always detected t h e  armor regard less o f  
t he  value o f  VFT. 
S p e c i f i c a l l y ,  t h e  simu- 
l a t i o n  has l o g i c  t h a t  decreases the p r o b a b i l i t y  o f  one element d e t e c t i n g  
another  i f  t h e  o t h e r  element de tec ts  i t  f i r s t .  Thus, as v i s u a l  f r e e  t ime 
increased, the  p r o b a b i l i t y  o f  t h e  Scouts d e t e c t i n g  t h e  Red he1 i c o p t e r s  
increased, hence the  p r o b a b i l i t y  o f  t he  Red h e l i c o p t e r s  d e t e c t i n g  the Scouts 
decreased. This i s  i l l u s t r a t e d  i n  F igure 4-20. Since the  change i n  proba- 
b i l i t i e s  were n o t  l a rge ,  t h e  e f fec t  o f  t h i s  f a c t o r  on t h e  pr imary WOES was 
l o s t  i n  the  noise.  
formations i n  Scenario Z), then 1 i t t l e  v a r i a t i o n  i n  measures o f  e f f e c t i v e n e s s  
w i t h  VFT a r e  t o  be expected. On t h e  o t h e r  hand, i f  o b j e c t s  a r e  d i f f i c u l t  t o  
d e t e c t  ( s p e c i f i c a l l y  t he  armored u n i t s  
number, were t r e a t e d  i n d i v i d u a l l y  and had low c o n t r a s t  w i t h  t h e i r  background), 
then s i g n i f i c a n t  v a r i a t i o n s  i n  measures o f  e f f e c t i v e n e s s  w i t h  VFT a re  t o  be 
expected. 
F igu re  4-19 presents t h e  bas ic  measures o f  m iss ion  e f f e c t i v e n e s s :  PK(B) ,  
As can be r e a d i l y  seen, i n  t h i s  scenar io  no measurable v a r i a t i o n  
The o t h e r  e f f e c t  o f  VFT i s  defens ive i n  nature. 
I n  summary, if o b j e c t s  a re  very easy t o  d e t e c t  ( s p e c i f i c a l l y ,  t h e  armored 
i n  Scenar io 3 which were fewer i n  
4.3.5 E f f e c t  o f  NOE F l i g h t  Cond i t i on  
FIK(R)  and ER, f o r  t h r e e  NOE speed/al t i t u d e  combinations. 
t i o n s  were 30 kno ts  a t  14 f e e t ,  50 kno ts  a t  41 f e e t  and 80 kno ts  a t  69 f e e t .  
The l e v e l  o f  f l y i n g  q u a l i t i e s  (Grade 1)was the  same a t  each f l i g h t  c o n d i t i o n  
( re fe rence  F igu re  3-2). 
magnitude o f  v a r i a t i o n s  experienced when o t h e r  (non - f l y i ng  q u a l i t i e s )  param- 
e t e r s  were var ied,  t o  p u t  t he  v a r i a t i o n s  experienced w i t h  f l y i n g  q u a l i t y  
parameters i n  perspect ive.  A second purpose was t o  assess t h e  speed regime o f  
F i g u r e  4-21 p resen ts  t h e  bas ic  measures of m i s s i o n  e f f e c t i v e n e s s :  PK(B), 
The f l i g h t  condi-  
The purpose o f  making t h i s  s e t  o f  runs was t o  g i v e  some i n s i g h t  as t o  t h e  
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Figure  4-19. V isual  Free Time (VFT) - P K ( B ) ;  t ' lK(R) ;  E/R - 
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F igu re  4-20. V isual  Free Time (VFT) V a r i a t i o n  - P r o b a b i l i t y  o f  t he  Scouts 
Being Detected by t h e  Red H e l i c o p t e r s  
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F i g u r e  4-21. NCE Speed and A l t i t u d e  - PK(B); NK(R); E /R  - 
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pr imary i n t e r e s t .  From the  curves of F igure  4-21, i t  can be seen t h a t  as the  
Scouts increased t h e i r  NOE speed and a l t i t u d e ,  t h e i r  p r o b a b i l i t y  o f  s u r v i v a l  
decreased. Th is  e f fec t  has been noted i n  o the r  s i m u l a t i o n  s tud ies .  Assuming 
t h a t  t h i s  observa t ion  i s  fact ,  a t  l e a s t  over some types o f  t e r r a i n ,  then the 
i m p l i c a t i o n  i s  t h a t  t o  have good f l y i n g  q u a l i t i e s  a t  t he  h ighe r  speeds i s  
c e r t a i n l y  no l e s s  impor tan t  than t o  have good f l y i n g  q u a l i t i e s  a t  low speed. 
4.4 SCENARIO 1 RESULTS 
Only a very  l i m i t e d  amount of "p roduc t ion"  runn ing  was done w i t h  Scenario 
1, s ince  Scenario 1 was used p r i m a r i l y  t o  shake ou t  the  program, exp lo re  the  
types o f  e f f e c t s  t h a t  occurred as var ious  f l y i n g  q u a l i t i e s  parameters were 
var ied ,  and e s t a b l i s h  the  s p e c i f i c  parameters t o  be i n v e s t i g a t e d  and t h e i r  
range o f  v a r i a t i o n .  
ab le  so AH-1S data were used instead.  
@ne o f  t he  f i r s t  t h ings  t h a t  was learned was t h a t  the  p o s i t i o n  o f  a t t a c k  
and t a c t i c s  employed - w h i l e  e x c e l l e n t  from a mi l i ta ry  s tandpo in t  - d i d  l i t t l e  
t o  show the  e f f e c t s  o f  f l y i n g  Q u a l i t i e s .  
a t tacked under cover o f  the  h i l l s ,  wide v a r i a t i o n s  i n  NOE f l i g h t  had no e f f e c t  
on the  r e s u l t s .  The h e l i c o p t e r s  were hidden from a l l  t h e  t h r e a t  elements so 
i t  d i d n ' t  ma t te r  how they f lew. 
no th ing  t o  address the  ques t ion  on the  impact o f  f l y i n g  q u a l i t i e s  on miss ion  
e f fec t i veness .  
more demanding and more rep resen ta t i ve  o f  engagement cond i t i ons .  
Scenar io  1 the  Scouts were considered t o  be armed w i t h  two a i r - t o - a i r  
m i s s i l e s .  
t h r e a t  h e l i c o p t e r s  i f  they were a t tacked by them. 
a i r - t o - a i r  engagements, w i t h  t h e  Scouts spending l i t t l e  t ime per fo rming  t h e i r  
p r imary  m iss ion  o f  s u r v e i l l a n c e  and d i r e c t i n g  f i r e .  
Scouts were unarmed i n  Scenarios 2 and 3. 
I n  sunmary, Scenario 1 was impor tan t  i n  s e t t i n g  up more rep resen ta t i ve  
scenarios, i n  e s t a b l i s h i n g  f l y i n g  q u a l i t i e s  parameters o f  i n t e r e s t  and i n  
o b t a i n i n g  i n s i g h t  as t o  the  types o f  e f f e c t s  caused by v a r i a t i o n s  i n  f l y i n g  
q u a l i t i e s  parameters. 
sound t a c t i c s  and a t t a c k i n g  from a p o s i t i o n  o f  s t rong  advantage. 
Also, a t  t h a t  t ime no Scout performance data was a v a i l -  
S p e c i f i c a l l y ,  s i n c e  the  Scouts 
This s imply  po in ted  ou t  t h e  obvious, b u t  d i d  
For t h a t  reason, Scenarios 2 and 3 were s e t  up, which were 
Another d i f f e r e n c e  between Scenario 1 and Scenarios 2 and 3 was t h a t  i n  
Thus, t h e i r  t a c t i c s  c a l l e d  f o r  them t o  r e t u r n  the  f i r e  o f  t he  
This  r e s u l t e d  i n  a l o t  o f  
For  t h a t  reason, the  
It a l s o  po in ted  o u t  the  obvious importance o f  employing 
Under these 
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h i g h l y  favorable cond i t ions ,  f l y i n g  q u a l i t i e s  were no t  very  impor tant .  Con- 
verse ly ,  t he  more demanding the  mission, the  more impor tan t  good f l y i n g  q u a l i -  
t i e s  became t o  successfu l  m iss ion  accomplishment. 
4.5 UTILITY OF RESULTS I F !  DETERMIb!ING IMPACT OF ROLL RATE 
The t h r u s t  o f  t h i s  r e p o r t  has been t o  r e l a t e  the  e f f e c t s  o f  f l y i n g  
q u a l i t i e s  parameters, such as p r e c i s i o n  o f  f l i g h t  pa th  c o n t r o l ,  t o  miss ion  
e f fec t i veness .  
t o  miss ion  e f fec t i veness ,  t h e  impact o f  f l y i n g  q u a l i t i e s  parameters must be 
q u a n t i t a t i v e l y  r e l a t e d  t o  t h e i r  e f fec ts .  
done, t h i s  s e c t i o n  r e l a t e s  the  impact o f  steady s t a t e  r o l l  r a t e  on b a s i c  NOE 
he igh t ,  then from the  r e s u l t s  of Sec t ion  4.2 .1 ,  d i r e c t l y  r e l a t e s  the  impact o f  
r o l l  r a t e  t o  m iss ion  e f fec t i veness .  
The a n a l y s i s  i s  presented i n  f u l l  i n  Appendix C. I n  shor t ,  t h e  f o l l o w i n g  
steps a re  taken: 
To d i r e c t l y  r e l a t e  the  impact o f  f l y i n g  q u a l i t i e s  parameters 
As an example o f  how t h i s  can be 
a. 
b. 
C. 
d. 
e. 
f. 
The t ime taken f o r  t u r n  reve rsa l s  when f l y i n g  NOE i s  computed f o r  a 
range o f  maximum steady s t a t e  r o l l  r a t e s  f o r  a f i x e d  r o l l  mode t ime 
cons tan t .  
From these t imes and h e l i c o p t e r  speed, t u r n  reve rsa l  d is tances  a r e  
c a l c u l a t e d  f o r  t he  range o f  r o l l  r a tes .  
These t u r n  reve rsa l  d is tances  a re  added t o  the  requ i red  d i s tance  
between m i c r o - t e r r a i n  fea tu res  as determined by the  bas i c  HACES 
NOE a1 g o r i  thm. 
The new r e q u i r e d  m i c r o - t e r r a i n  spacings a r e  used t o  compute new 
( h i g h e r )  he igh ts  a t  which the  h e l i c o p t e r  must f l y  t o  avoid s t r i k i n g  
t h e  m i c r o - t e r r a i n  fea tures .  Thus each r o l l  r a t e  i s  d i r e c t l y  r e l a t e d  
t o  a r e q u i r e d  NOE he igh t .  
F igu re  4-3 i s  used t o  compute the  p r o b a b i l i t y  o f  t he  Scout be ing 
de tec ted  by t h e  Red h e l i c o p t e r  f o r  each NOE h e i g h t / r o l l  r a te .  
F igu re  4-22, which r e l a t e s  the  p r o b a b i l i t y  o f  t h e  Scout be ing 
de tec ted  t o  i t s  steady s t a t e  r o l l  r a te ,  was cons t ruc ted  from the  
da ta  ob ta ined i n  Step e. 
F igu re  4-22 i n d i c a t e s  tha t ,  a s  expected, t he  g r e a t e r  t he  steady s t a t e  r o l l  
r a t e  the  lower  t h e  Scout cou ld  f ly ,  hence the  lower  i t s  p r o b a b i l i t y  o f  be ing 
detected.  This  i l l u s t r a t e s  the  a b i l i t y  t o  determine the  impact, o r  s e n s i t i v i t y ,  
o f  s p e c i f i c  f l y i n g  q u a l i t y  parameters t o  measures o f  m iss ion  e f fec t i veness .  
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SECTION 5 
CONCLUSIONS AND RECOMMENDATIONS 
The pr imary  purpose o f  t h i s  study was t o  determine the  f e a s i b i l i t y  of 
r e l a t i n g  he1 i c o p t e r  f l y i n g  q u a l i t y  parameters t o  ni ission e f fec t i veness  us ing  a 
d i g i t a l  combat s imu la t ion .  I n  such a s imu la t ion ,  so many f a c t o r s  and elements 
a re  considered t h a t  no s i n g l e  element can be s imu la ted  w i t h  a h igh  degree of 
f i d e l i t y  - o f t e n  j u s t  " e f f e c t s "  a r e  simulated. 
o f  the  h e l i c o p t e r s  as w e l l  as o the r  elements, the  problem has t o  be broken 
i n t o  two par ts .  
and such e f f e c t s  as p r e c i s i o n  of f l i g h t  pa th  c o n t r o l ,  NOE speed-a l t i t ude  
r e l a t i o n s h i p s  and v i s u a l  f ree  t ime must be es tab l i shed;  then the  impact o f  
these e f f e c t s  on miss ion  e f f e c t i v e n e s s  must be assessed. 
He1 i c o p t e r  A i r  Combat E f fec t i veness  Simulat ion;  HACES. Only one example o f  
r e l a t i n g  a f l y i n g  q u a l i t i e s  parameter t o  an e f f e c t s  parameter was presented 
( re fe rence  Sect ion  4.5 and Appendix C). However, t h a t  example demonstrated 
t h a t  s p e c i f i c  f l y i n g  q u a l i t i e s  parameters do impact t he  a b i l i t y  t o  per form 
s p e c i f i c  m iss ion  tasks and t h a t  e f f e c t  can be q u a n t i f i e d .  To s y s t e m a t i c a l l y  
and r i g o r o u s l y  r e l a t e  f l y i n g  q u a l i t i e s  parameters t o  m iss ion  e f f e c t i v e n e s s  
w i l l  r e q u i r e  t h a t  many m iss ion  tasks i n  many scenar ios be examined, and much 
more work i n  de termin ing  e f f e c t s  w i l l  have t o  be performed. 
The program d i d  more than j u s t  show p roo f  o f  concept; i t  generated a 
s i g n i f i c a n t  amount o f  data r e l a t i n g  f l y i n g  q u a l i t i e s  e f f e c t s  t o  the  a b i l i t y  t o  
per form several  s p e c i f i c  mission taks, and perm i t ted  the  f o l l o w i n g  conclus ions 
t o  be drawn i n  contex t  o f  t he  scenar ios s tud ied :  
Since t h i s  ho lds f o r  modeling 
F i r s t ,  the  r e l a t i o n s h i p  between f l y i n g  q u a l i t i e s  parameters 
Th is  program concentrated on the  l a t t e r  task, u s i n g  t h e  u n i t  a c t i o n  
a. 
b.  
C.  
d .  
F l y i n g  q u a l i t i e s  do have a major  impact on the  a b i l i t y  t o  per form a 
s p e c i f i c  miss ion  - a f f e c t i n g  bo th  p r imary  and in te rmed ia te  measures 
o f  e f fec t i veness .  
The impact o f  f l y i n g  q u a l i t i e s  on m iss ion  e f fec t i veness  r e s u l t e d  
p r i m a r i l y  frcm the impact on the  h e l i c o p t e r ' s  p r o b a b i l i t y  o f  be ing  
detected.  
The f l y i n g  q u a l i t i e s  e f f e c t  t h a t  was most c r i t i c a l  t o  the  chosen 
Scout miss ion  was p r e c i s i o n  o f  hover c o n t r o l .  
The g r e a t e r  t h e  requ i red  p r e c i s i o n  of f l i g h t  t o  reduce p r o b a b i l i t y  
of exposure, t he  more impor tan t  good f l y i n g  q u a l i t i e s  become. 
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e. The data generated i n  Sect ion 4 can be used t o  r e l a t e  s p e c i f i c  f l y i n g  
I n  summary, a powerful  new approach - w i t h  at tendant  t o o l s  - i s  a v a i l a b l e  
q u a l i t i e s  parameters t o  s p e c i f i c  miss ion tasks.  
f o r  r e l a t i n g  f l y i n g  q u a l i t i e s  parameters t o  miss ion e f f e c t i v e n e s s  and t h e  
a b i l i t y  t o  perform s p e c i f i c  m iss ion  tasks.  Since the  r e s u l t s  a re  quant i -  
t a t i v e ,  the approach can be used t o  perform s e n s i t i v i t y  s tud ies,  t r a d e - o f f  
analyses, e v a l u a t i o n  o f  concep ts /con f igu ra t i ons  and i n  bounding f l y i n g  
q u a l i t i e s  c r i t e r i o n .  
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HACES MOD I F  ICATIONS 
*- 
This s tudy was conducted us ing  the  e x i s t i n g  H e l i c o p t e r  A i r  Combat Effec- 
t i veness  S imu la t i on  (HACES), however a number o f  m o d i f i c a t i o n s  were necessary 
t o  meet s p e c i f i c  needs. 
t h e  HITS and EWGAGE programs o f  HACES. 
The f o l l o w i n g  sec t ions  d iscuss the  changes made t o  
1. HITS MODIFICATIONS 
The HITS program generates the  Blue and Red h e l i c o p t e r  f l i g h t  p r o f i l e s  
which a re  used i n  the  engagement model. 
t e r i s t i c s  o f  the des i red  h e l i c o p t e r  type based on performance data. For NCE 
f l i g h t ,  h e l i c o p t e r  maneuverab i l i t y  a f f e c t s  the  minimum a1 t i t u d e  which can be 
s a f e l y  he ld  w h i l e  ma in ta in ing  a g iven speed. To sho the  e f f e c t s  o f  degraded 
f l y i n g  q u a l i t i e s ,  p r o v i s i o n  was made t o  decrease the  nominal maneuverab i l i t y .  
Th is  fo rces  the  h e l i c o p t e r  t o  f l y  a t  a h ighe r  NOE a l t i t u d e  t o  ma in ta in  sa fe  
t e r r a i n  clearance. 
The program models the  f l y i n g  charac- ' 
1.2 PILOT MODELING 
The e f f e c t  o f  the  p i l o t  i n  t h e  h e l i c o p t e r  c o n t r o l  l oop  was modeled i n  two 
ways: 
t i o n s  i ,  7 ,  and 3 i n  forward f l i g h t ,  and t o  ? and 2 i n  hover. Prev ious ly ,  
these commands cons is ted  o f  the  e r r o r  between the  ac tua l  s t a t e  and des i red  
s t a t e ,  m u l t i p l i e d  by a g a i n  f a c t o r .  The l a g  t h a t  was in t roduced models the  
e f f e c t  t h a t  humans cannot respond ins tan taneous ly  t o  c o r r e c t  system e r r o r s .  
r a t e  (hence commands) cou ld  be delayed. This e f f e c t i v e l y  s imu la tes  a p i l o t  
w i t h  increased workload. 
t i n u o u s l y  v i s u a l l y  check h i s  f l i g h t ,  pa th  and ins t ruments  and make approp r ia te  
c o r r e c t i o n s .  
decreases. 
va lues f o r  the  f i l t e r s ,  and the  sample r a t e  de lay  were in t roduced,  t h e  HITS 
s i m u l a t i o n  went unstable.  
f i r s t l y ,  f i r s t  o rder  f i l t e r s  were app l i ed  t o  the  commanded accelera-  
Secondly, t h e  s i m u l a t i o n  was mod i f i ed  so t h a t  t he  s t a t e  e r r 0  sampling 
I n  f l y i n g  a p rescr ibed p r o f i l e ,  t h e  p i l o t  must con- 
As h i s  o v e r a l l  workload increases, t h e  p i l o t ' s  sample r a t e  
These m o d i f i c a t i o n s  were implemented and v e r i f i e d ,  however, when t y p i c a l  
Th is  was probably  due t o  t h e  f a c t  t h a t  the  l ags  and 
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h igher -order  system 
the  c u r r e n t  s imu la t  
frame r a t e  and f i n e  
determined t o  leave 
created by the a d d i t i o n a l  f i l t e r s  cou ld  no t  be handled a t  
on frame ra te .  A f i x  can be e f f e c t e d  by mod i fy ing  the  
t u n i n g  a l l  o f  the  system f i l t e r  c h a r a c t e r i s t i c s .  It was 
ou t  the  p i l o t  model f o r  the purposes of t h i s  study. 
2. ENGP.G€ PODIFICATIONS 
The ENGAGE program produces t h  scenar io  d e t e c t i o n  s t a t i s t i c s ,  performs 
Monte Car lo  engagement sequences, and summarizes the r e s u l t s .  
2.1 ALTITUOE VARIATION 
The H I T S  program prov ides  a base l i ne  f l i g h t  p r o f i l e  w i t h  MOE and hover 
modes o f  f l i g h t .  
p r o f i l e  t o  model the e f f e c t  o f  va ry ing  p r e c i s i o n  of a l t i t u d e - h o l d  c a p a b i l i t y .  
D i f f e r e n t  no i se  magnitudes a re  used d u r i n g  NOE and hover s ince  the  f l i g h t  
c ha rac  t e r i  s t i cs a r e  d i f f e  r e n t  . 
The no ise  model cons i s t s  o f  R a y l e i g h - d i s t r i b u t e d  random v a r i a b l e s  which 
are  passed through a f i r s t - o r d e r  f i l t e r  t o  smooth the  r e s u l t i n g  a l t i t u d e  
p r o f i l e .  The a l t i t u d e  d e v i a t i o n s  from the  nominal p r o f i l e  i s ,  by necess i ty ,  
always p o s i t i v e  (up) .  
s i g h t  i n  o r d e r  t o  des ignate  the  ta rge t .  
cover  as poss ib le ,  b u t  any a l t i t u d e  d e v i a t i o n s  must be up on ly .  
f l i g h t  an abso lu te  minimum a l t i t u d e  must be mainta ined t o  avo id  s t r i k i n g  
obs tac les .  
f e r e n t  p r o f i l e .  As t h e  h e l i c o p t e r  a l t i t u d e  changes, t h e  d e t e c t i o n  s t a t i s t i c s ,  
and hence the  a t t r i t i o n  by a i r  and ground forces,  change. 
The ENGAGE s i m u l a t i o n  superimposes no ise  on the  a l t i t u d e  
Dur ing  hover t h e  mast-mounted s i g h t  must m a i n t a i n  a cont inuous l i n e  o f  
Dur ing FlOE 
The h e l i c o p t e r  w i l l  f l y  as low i n t o  
Again, any e r r o r s  must be up only .  
Using t h i s  no i se  model, each Monte Car lo  run  produces a s l i g h t l y  d i f -  
2.2 PROBABILITY OF DETECTION 
Prev ious ly ,  t h e  nominal H I T S  p r o f i l e  was used t o  generate one s e t  o f  
d e t e c t i o n  s t a t i s t i c s .  
r e s u l t s  were read i n t o  ENGAGE. With a1 t i t u d e  noise, the  d e t e c t i o n  s t a t i s t i c s  
must be c a l c u l a t e d  f o r  each Monte Car lo  run. 
t h e  e n t i r e  DETECT program w i t h i n  ENGAGE. 
p r o b a b i l i t y  of de tec t i on ,  corresponding t o  the  geometry o f  a s l i g h t l y  d i f -  
f e r e n t  a l t i t u d e  p r o f i l e .  
This was done by a separate "DETECT" program, and the  
This was acconpl ished by p l a c i n g  
Wi th  t h i s  change, each Monte Car lo  run  produces a d i f f e r e n t  curve f o r  t he  
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2.3 EXPOSED HELICOPTER AREA 
The p r o b a b i l i t y  of the  scout h e l i c o p t e r  be ing de tec ted  by h o s t i l e  h e l i -  
copters  i s  a func t i on  o f  the  exposed area as we l l  as the  r e l a t i v e  geometry. 
I d e a l l y ,  t he  Scout w i l l  hover w i t h i n  the  m i c r o - t e r r a i n  w i t h  o n l y  the mast- 
mounted s i g h t  exposed. Without p e r f e c t  a1 t i t u d e - h o l d  c a p a b i l i t y ,  however, the  
Scout w i l l  "bounce" above the  observa t ion  po in t ,  exposing more t o t a l  area. 
This makes i t  more suscep t ib le  t o  d e t e c t i o n  and more vu lne rab le  t o  h o s t i l e  
f i r e .  
observa t ion  po in t .  
f unc t i on  o f  the  Scout 's  a l t i t u d e  and phys ica l  he igh t ,  as w e l l  as the  h e i g h t  o f  
the  m i c r o - t e r r a i n .  
detected by the  h o s t i l e  he l i cop te rs ,  t o  vary the  radar  cross s e c t i o n  ob ta ined 
by the  SAM and AAA u n i t s ,  and t o  vary  the  vu lnerab le  area. 
Th is  e f f e c t  was modeled and was used when the Scout was hover ing  a t  the 
The area v i s i b l e  above the  m i c r o - t e r r a i n  i s  va r ied  as a 
The exposed area i s  used t o  c a l c u l a t e  the  p r o b a b i l i t y  o f  being v i s u a l l y  
2.4 VISUAL FREE TIME 
I n  o r d e r  t o  make v i s u a l  de tec t ions ,  the  Scout p i l o t  and/or observer must 
be f r e e  t o  l ook  ou ts ide  the  a i r c r a f t ,  scanning the  sec to r  v i s i b l e  from the  
cockp i t .  
mented so t h a t  as VFT var ied,  t he  e f f e c t i v e  gl impse r a t e  a l s o  var ied,  and the  
p r o b a b i l i t y  o f  d e t e c t i o n  changed as a r e s u l t .  
i s  shown i n  F igure  1. 
s l i g h t l y  w i t h  a l t i t u d e  i n  the  range o f  zero t o  one hundred f e e t  ACL. W i t h i n  
t h i s  range a low a l t i t u d e  y i e l d s  a lower  VFT, and a h i g h  a l t i t u d e  y i e l d s  a 
h ighe r  VFT. This  i s  i n  accordance w i t h  the  workload data referenced i n  
Sec t ion  3 .4 .4 .  
For  t h i s  study, a v a r i a b l e  v i s u a l  f r e e  t ime (VFT) a l g o r i t h m  was imple- 
The form o f  t he  VFT a l g o r i t h m  
Given a base l i ne  VFT curve  (50%, f o r  example) t h e  VFT was modeled t o  vary 
2.5 HELICOPTER TEAF DETECTION LOG I C  
For  scenarios w i t h  more than one Red o r  B lue h e l i c o p t e r  a "team" detec- 
t i o n  e f f e c t  was implemented. 
t h e  p r o b a b i l i t y  o f  a l l  B lue h e l i c o p t e r s  d e t e c t i n g  t h a t  Red element i s  doubled. 
This assumes t h a t  communications can d i r e c t  a l l  h e l i c o p t e r  t o  l ook  i n  t h e  
genera l  d i r e c t i o n  where t h e  f i r s t  d e t e c t i o n  was made. 
f o r  t h e  Red h e l i c o p t e r s  i n  t r y i n g  t o  d e t e c t  t he  Blue h e l i c o p t e r s .  
If any Blue h e l i c o p t e r  d e t e c t s  a Red element, 
The same l o g i c  ho lds 
A- 3 
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I 0 -ATION OF OLIMPS€ RATE FOR DETECTION STATISTICS 
FLYING 
WALITIES 
1 VFT 1 
SCAN SECTOR 
SCAN 'IME 
SCAN RATE X SCAN RATE FACTOR X VFT 
GLIMPSE RATE = l/SCAN TIME 
i F i g u r e  1. Program M o d i f i c a t i o n s  - V isua l  Free Time 
Another e f f e c t  modeled was t h a t  i f  a Blue h e l i c o p t e r  de tec ts  a R e d  h e l i -  
cop ter ,  t h e  p r o b a b i l i t y  o f  t h a t  Red h e l i c o p t e r  d e t e c t i n g  any o f  t h e  Blue 
h e l i c o p t e r s  i s  decreased by  a f a c t o r  o f  two. This  assumes t h a t  t h e  Blue 
h e l i c o p t e r s  w i l l  use t h e  l o c a l  m i c r o - t e r r a i n  t o  g r e a t e r  e f f e c t  t o  b e t t e r  
conceal t h e i r  p o s i t i o n  a f t e r  t h e  R e d  h e l i c o p t e r  i s  spo t ted .  
2.6 Ir!TEWED I A T E  MOEs 
which shows Blue h e l i c o p t e r  a t t r i t i o n ,  t h e  damage i n f l i c t e d  on t h e  R e d  e le -  
ments, and the  exchange r a t i o .  
The ENGAGE program nomina l l y  p r i n t s  a summary o f  t h e  Monte Car lo  runs 
A-4 
For t h i s  s tudy severa l  o the r  MOE p r i n t o u t s  were necessary t o  i l l u s t r a t e  
s e n s i t i v i t i e s  t o  parameter v a r i a t i o n s .  For Red he1 i c o p t e r s  d e t e c t i n g  Blue 
h e l i c o p t e r s  t h e  program now p r i n t s  the  average t ime o f  f i r s t  de tec t i on ,  the 
average range fran t h e  Red column and the  number o f  runs i n  which Blue was 
detected. 
f i r s t  d e t e c t i o n  and the number o f  runs i n  which de tec t i ons  were made i s  p r i n t e d  
ou t .  
ou t  o f  t he  t o t a l  k i l l s  ( a i r  and ground elements). 
range and number o f  t imes k i l l e d  a re  p r in ted .  
For B lue h e l i c o p t e r s  de tec t i ng  the  tank groups, t h e  average t ime o f  
For B lue h e l i c o p t e r  a t t r i t i o n ,  t h e  k i l l s  by Red h e l i c o p t e r s  a r e  broken 
The average t ime o f  k i l l ,  
A-5 
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SCOUT DETECTIIJG A T Y P I C A L  SURFACE U N I T  ( A  TANK)  
FOR 
CASE NUMBERS DEFINED I N  TABLE 4-1 
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A P P E N D I X  C 
I P P A C T  OF ROLL COr!TROL PARAMETERS 
r! 14 11 IS S I C t ' EF FECT I V EN ES S 
. 
. 
1. IKTRODUCTICN 
The t h r u s t  o f  t h i s  r e p o r t  has been t o  r e l a t e  the  e f f e c t s  o f  f l y i n g  q u a l i -  
t i e s  parameters, such as p r e c i s i o n  of f l i g h t  pa th  c o n t r o l ,  t o  miss ion  e f f e c -  
t iveness.  To d i r e c t l y  r e l a t e  the  impact o f  f l y i n g  q u a l i t i e s  parameters t o  
miss ion e f fec t i veness ,  t he  impact of f l y i n g  q u a l i t i e s  parameters must be 
q u a n t i t a t i v e l y  r e l a t e d  t o  t h e i r  e f fects .  As an example o f  how t h i s  can be 
done, t h i s  Appendix r e l a t e s  the  impact o f  steady s t a t e  r o l l  r a t e  on bas ic  NOE 
he igh t ,  then from the  r e s u l t s  o f  Sec t ion  4 ,  d i r e c t l y  r e l a t e s  the impact of 
r o l l  r a t e  t o  miss ion  e f fec t i veness .  
2 .  IMPACT OF ROLL CONTROL EFFECTIVEf'!ESS ON BASIC NOE HEIGHT 
As p r e s e n t l y  mechanized, t h e  HACES s imu la tes  NOE f l i g h t  by assuming a 
cont inuous se r ies  o f  t u rns  around obstac les as i n d i c a t e d  i n  F igu re  1, below. 
The requ i red  spacing o f  the  m i c r o - t e r r a i n  fea tu res  i s  a f u n c t i o n  o f  t h e  
t e r r a i n ,  he1 i c o p t e r  speed and he1 i c o p t e r  maneuverab i l i t y .  HACES a1 so has 
a lgor i thms t h a t  r e l a t e  requ i red  spacing o f  m i c r o - t e r r a i n  fea tu res  t o  r e q u i r e d  
h e i g h t  above the  ground. 
ground increases, the  g r e a t e r  the t u r n  r a d i i  o f  t h e  h e l i c o p t e r ,  t he  h ighe r  i t  
must f l y  t o  avoid the  obstac les.  However, what i s  no t  modeled i s  t he  t ime 
taken t o  per form the  t u r n  reve rsa l s  i n  t h i s  s imulated se rpen t ine  course. 
t h e  r o l l  mode t ime constants, r o l l  r a t e  and p r e c i s i o n  o f  c o n t r o l  were a l l  
taken i n t o  account, t he  t u r n  reve rsa l s  would take  a f i n i t e  amount o f  t ime/  
d is tance,  and t h e  f l i g h t  pa th  o f  F igu re  1 would approximate the  f l i g h t  pa th  o f  
F igure  2. 
S ince  t h e  spacing o f  the  m i c r o - t e r r a i n  fea tu res  increases as h e i g h t  above 
I f  
MICRO-TERRAIN FEATURES HELICOPTER FLIGHT PATH 
(NSTANTANEOUS TURN 
REVERSALS 
F igu re  1. Basic  NOE F l i g h t  
c- 1 
F igu re  2.  NOE F l i g h t  Consider ing F i n i t e  Time 
f o r  Turn Reversals 
C lea r l y ,  under these cond i t ions ,  f o r  the  same t e r r a i n ,  he1 i c o p t e r  speed 
and maneuvering c a p a b i l i t y ;  the  m i c r o - t e r r a i n  fea tu res  must be spaced f u r t h e r  
a p a r t  if the  h e l i c o p t e r  i s  t o  avoid s t r i k i n g  them. 
he1 i c o p t e r  must f l y  h igher ,  i nc reas ing  i t s  p r o b a b i l i t y  o f  d e t e c t i o n  and k i l l .  
The equat ion  used t o  compute requ i red  spacing, S ,  between m i c r o - t e r r a i n  
features i s  g iven by the  equat ion:  
This  d i c t a t e s  t h a t  the  
2 1/2 S = [4R(D+d+V/2) - (D+d+V/2) J 
where: 
R 
D = r o t o r  d iameter  ( f e e t )  
d 
= t u r n  rad ius  based on h e l i c o p t e r  speed and sus ta ined t u r n  capa- 
b i l i t y  ( f e e t )  
d iameter  o f  m i c r o - t e r r a i n  fea tu res  (50  f e e t  used i n  model) 
2 x the  c learance between r o t o r  t i p  and m i c r o - t e r r a i n  fea tu res  
( f e e t )  
= 
V/2 = 
I f  we a r e  t o  cons ide r  the  impact o f  f i n i t e  t u r n  reve rsa l  t ime, an addi- 
t i o n a l  d is tance,  ASTR - approximated by the  s t r a i g h t  l i n e  p a r t  o f  the  f l i g h t  
pa th  of F igure  2 - must be computed. 
g iven  by t he  express ion:  
An approx imat ion f o r  t h i s  d is tance i s  
 AS^^ = V t ~ ~ p ~  cos 9 
where : 
V = h e l i c o p t e r  speed ( f p s )  
= t ime requ i red  t o  complete the  t u r n  reve rsa l  (sec)  t ~ ~ ~ ~ !  
. 
. 
c- 2 
J, = r e l a t i v e  f l i g h t  path d i r e c t i o n  a t  t he  t ime o f  t u r n  
r e v e r s a l  (deg) 
0, = h e l i c o p t e r  bank angle when i n  t u r n  (deg) 
Pss  = maximum steady s t a t e  r o l l  r a t e  (deg/sec) 
' R  - 
-1 
= cos ( l / F $ )  
- r o l l  mode t ime constant  (sec)  
Thus SEFF = S + A s T R  
The a l g o r i t h m  r e l a t i n g  requ i red  height ,  h, t o  r e q u i r e d  m i c r o - t e r r a i n  
spacing i s :  
h = ho (l-So/SEFF) 
where 
= h e i g h t  o f  h i g h e s t  m i c r o - t e r r a i n  f e a t u r e  ( f e e t )  
( h  = 0 )  ( f e e t )  
hO 
So = nominal spacing between m i c r o - t e r r a i n  fea tu res  a t  ground l e v e l  
3. EXAMPLE OF EFFECT OF ROLL RATE ON NGE HEIGHT 
For the  base l i ne  case i n  the  s e n s i t i v i t y  s tud ies  presented i n  t h i s  
r e p o r t :  
V = 50 k t s  
NZ = 1.46 g 
D = 35 f e e t  
d = 50 f e e t  
Th is  y i e l d s  a t u r n  r a d i u s  o f  208 f e e t ,  a requ i red  m i c r o - t e r r a i n  spacing o f  
300 f e e t ,  and a requ i red  h e i g h t  o f  50 f e e t .  Consider now t h e  impact of a 
30 deg/sec and a 60 deg/sec r o l l  r a t e ,  both w i t h  a 1 second r o l l  mode t ime 
constant.  
. 
'ss = 3@ deg/sec 
c- 3 
plT = Cos-' ( l / N Z )  
= Cos" (1/1.46) 
= 48' 
= 1 sec (assumed) ' R  
Since we are solving for SEFF, J, must be computed iteratively. J/ i s  
approximately 35 deg ,  so assume + = 35' 
Therefore 
A S~~ = 1.69 (50)  [w + 1 . 5 ( 1 ) ]  Cos(35) 
L 
= 84.5 (3.2 + 1.5) 0.82 
= 325 feet. 
The ref o re 
S~~~ = s + A S T R  
= 300 + 325 
= 625 feet. 
The ref ore 
150 = 100 11 - 625 
= 76 Feet. 
p ss = 60 deg/sec 
= 1.69 (50)  [w + 1 . 5 ( 1 )  Cos(35) 
= 84.5 (1.6 + 1.5)  0.82 
A STR 1 
= 215 feet. 
The ref o re 
= 300 + 215 
= 515 feet 
S~~~ 
c-4 
The r e f 0  r e  
h(PSs = 6Oo/s) = 100 [l - g] 
= 71 Feet 
'b  
4.  EXAVPLE OF EFFECT OF WLL RATE 011 t'ISSICN EFFECTIVEf!ESS 
h e i g h t  from 76 t o  71 f e e t .  
measures o f  e f fec t i veness ,  i t  can be seen t h a t  the  p r o b a b i l i t y  of t h e  Scout 
s u r v i v i n g  a t  76 f e e t  i s  0.34 and o f  s u r v i v i n g  a t  71 f e e t  i s  0.40. 
Thus an inc rease i n  r o l l  r a t e  f rom 30 O/S t o  60 O/S reduced bas ic  fWE 
En te r ing  F igu re  4-1, which presents  the  impact o f  NOE h e i g h t  on var ious 
?his  
represents  an inc rease o f  p r o b a b i l i t y  of s u r v i v a l  o f  
t i oned  i n  the  main t e x t ,  most o f  t he  d e t e c t i n g  and k 
occurred i n  the  hover p o r t i o n  o f  t he  miss ion.  Since 
complete miss ion,  and we a re  j u s t  addressing the  NOE 
changes a re  n o t  t o  be expected. 
To g e t  a b e t t e r  understanding of t he  r e l a t i o n s h  
18%. However, as men- 
l l i n g  i n  Scenario 3 
PK(B)/Ps(B) i s  f o r  t h e  
p o r t i o n  o f  it, l a r g e  
p between maximum steady 
s t a t e  r o l l  r a t e  and n i s s i o n  e f fec t i veness ,  t h e  i n te rmed ia te  measure o f  e f f e c -  
t i veness  o f  p r o b a b i l i t y  of Scout d e t e c t i o n  du r ing  FOE f l i g h t ,  presented i n  
F igure  4-3 was analyzed. Refer r ing  t o  F igure  4-3, t h e  p r o b a b i l i t y  o f  be ing 
de tec ted  i n  NOE f l i g h t  a t  76 f e e t  equals 0.39; and a t  71 f e e t ,  P,, = 0.30. 
T h i s  represents  a r e d u c t i o n  i n  p r o b a b i l i t y  o f  d e t e c t i o n  o f  30% which, f o r  a 
Scout, i s  ve ry  s i g n i f i c a n t .  
ra tes ,  a curve o f  t he  p r o b a b i l i t y  o f  t h e  Scout be ing de tec ted  p r i o r  t o  i t s  
reach ing  i t s  observa t ion  po in t ,  as a func t i on  of r o l l  r a t e ,  was cons t ruc ted  
and i s  presented i n  F igu re  3. From a c o n t r o l  c r i t e r i a  s tandpo in t ,  f i g u r e s  
such as these can be examined t o  determine the  p o i n t  o f  d i m i n i s h i n g  re tu rns  t o  
bound maximum steady s t a t e  r o l l  r a t e  as a f u n c t i o n  of t he  task  being performed. 
I n  summary, i t  can be seen t h a t  i t  i s  poss ib le  t o  d i r e c t l y  r e l a t e  f l y i n g  
q u a l i t i e s  parameters t o  miss ion  e f f e c t i v e n e s s  parameters. Moreover, even i n  
t h i s  scenar io  i n  which hover, r a t h e r  than !JOE f l i g h t ,  dominated, i t  can be 
seen t h a t  f l y i n g  q u a l i t i e s  do have a s i g n i f i c a n t  impact on the  a b i l i t y  o f  a 
p i l o t  t o  per form h i s  miss ion.  
parameters i n  t h e  f o r m u l a t i o n  o f  c r i t e r i a .  
Performing c a l c u l a t i o n s  f o r  a range o f  r o l l  
F i n a l l y ,  t h e  data can be used t o  a t  l e a s t  bound 
c-5 
Figure 3. Probability o f  Detection by Red Helicopter 
as a Function o f  Roll Rate 
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